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AHSB(S) HANDBOOK 5 

PREFACE 

The literature of critical size measurements is extensive and can be con- 
fusing, the same measurement day be‘ reported in a number of places and there 
may sometimes be variation in detail- in the different accounts. Access to 
papers and reports can also be difficult and will depend on the library 
facilities available. To establish what measurements have been made in a 
particular area of interest, and to find detailed and authoritative accounts 
of the measurements can, therefore, be a time-consuming exercise. Nevertheless 
this material is the basic data of criticality and the criticality specialist 
must have recourse to it from time to time. For instance, he may need to check 
a calculational method and any associated nuclear data against reference experi- 
ments or a particular criticality clearance may depend on a detailed comparison 
of parameters. 

It was felt, therefore, that a need existed for a compilation of data in 
relatively detailed form reference to which could take the place, at least in 
the first instance, of reference to the original literature. It is hoped that 
the present handbook which is to be published in three parts, goes at least some 
way to meeting this need. 

In compiling the handbook reference has been made, wherever possible, to the 
primary account of the critical measurements reported and assemblies are des- 
cribed in as close approximation as possible to the actual assemblies on which 
measurements were made, (thus, subsequent shape changes, homogenisation etc., 
have been ignored). This is not to say however, that later accounts of an 
experiment have not sometimes provided useful additional information. Many 
excellent review articles and handbooks already exist in the criticality field, 
providing generalised guidance and data correlations for more or less simpli- 
fied systems. It is in no way the aim of this handbook to replace theses rather 
it is to supplement them for the criticality specialist by collecting and 
assimilating into tabular form, convenient for quick reference, the detailed 
results on which they are founded and on which similar correlations can be 
based in the future. 

It is intended that the handbook should include only data for systems which 
are relatively ’ clean’ and where it is clear that the measurements were suf- 
ficiently painstaking and the system was carried close enough to critical for 
the result to be accurate. With this proviso it is believed that the handbook 
is reasonably comprehensive so far as material generally available up to about 
the beginning of the 1964 Geneva Conference is concerned. 

Perhaps the most difficult problem in compiling the handbook has been the 
allocation of the data into tables, determining the length and complexity of 
the tables. Generally the allocations have been made as a compromise between 
a desire to associate results for comparable and related systems and the need 
to avoid tables which are so complex as to be difficult to read. 
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EJTRODUCTIGN TO THE TABLES 

The Skeleton contents page given at the front of the handbook is supplemented 
at the beginnina of each chapter by a separate contents page showing the 
organisation of-the chapter and listing the tables the chapter contains. 
Tables are identified by a title and additionally by a two part number of which 
the first part denotes the chapter in which the table appears and the second 
part the position of the table in the chapter. Also, as a further aid to 
rapid reference, each page of the tables carries a ‘page-title’ in the top left 
hand corner briefly summarising the type of system to which that chapter or 
part-chapter refers, (i l e., the degree of heterogeneity - single units, inter- 
acting arrays or latticed systems; the nature of the fissile nuclide; the 
nature of any moderating nuclide; and, in the case of U235 systems, whether 
the ljranium is of high (> 90%) or lower enrichment). 

Separate compilations of bibliographic references are given for each 
chapter and follow immediately after the chapter contents pages. 

To facilitate easy understanding of the tables a standard form of table 
layout has been adopted, so far as possible, and an attempt has been made to 
ensure that each Table is self-contained. As exceptions to these rules 
information common to all (or nearly all) of the entries in a table is usually 
brought to the head of the table in note form, thus reducing the complexity of 
the Table layout, and material compositions and densities are omitted where 
the materials concerned are commonly-occurring and feature in a large number 
of Tables. The following compositions in densities may be used for these 
commonly-occurring materials: 

Type 304 Stainless Steel - 

(American Iron and Steel Institute Designation); 18~0-20~0 wtg Cr, 
8~0-12~0 wt% Ni, 2.0 wt% (max) Mn, 1.0 wt% (max) Si; density 
7.9 gm/cc 

Type 347 Stainless Steel - 

(American Iron and Steel Institute Designation); 17~0-19~0 wt$ Cr, 
9~0-13~0 wt% Ni, 2.0 wt% (max) Mn, 1.0 wt% max Si; density 
7.93 y/cc 

Type 2s Aluminium - 

(US Aluminium Assoc. Designation, now renamed Type 1100); 
99.0 $ aluminium (min.) 

Type 3s Aluminium - 

(US Aluminium Assoc. Designation, now renamed Type 3003); 
1.2 wt% Mn 

Z irca loy - 
(Westinghouse Designation); zirconium with 1 QO-1=70 % Sn; 
density 6+7 gm/cc 

Lucit.e, Plexialas or Perspex - 

Polymethyl methacrylate plastics, atomic composition &HgOZ, 
&if& t  WI  i l is UXl/‘Ci I 
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Polyethylene - 

Atomic composition CH2, density @*92 gm/cc 

Paraffin Wax - 

Atomic composition CH2, density approx. 0.9 gm/cc 

Boric acid - 

Atomic composition H3BC3 

Lnly numerical values actually provided bv the authors of a measurement 
have been entered In the standard ‘fo’rm of Table and, in consequence, there are 
omissions in certain Tables. These can *usually be filled, by interpolation in 
surrounding data. For instance, aqueous solutions of uranium are sometimes 
characterised only by the H/U atomic ratio. The specific gravity, uranium 
content, etc., can, however, be derived by comparison with similar soluitions 
used in other experiments. 

information which has been generally excluded from the Tables includes: 

(a) temperature of the assembly, provided this is near ambient 

(b) detailed isotopic analysis of fissile materials 

(c) detailed analysis of materials of construction, etc., for trace 
impurities except where signif icant quantities of neutron poisons 
are found. 

Notes appended to the Tables have been phrased so far as possible ‘in the 
words of the authors of the measurements referred to. Generally the notes con- 
tain information which may be thought: 

(a) to extend the usefulness of the measurements (e.g., a number of 
subcritical observations are included under this heading), or 

(b) to bear on the validity of the results (e.g., where available, the 
values of corrections f-or unavoidable experimental perturbations 
from ideal conditions, such as incidental neutron reflection from 
room walls are given). 

Where corrections for experimental conditions are not given it may be 
assumed that suitable corrections have already been applied to the quoted 
result. If this is not the case, or is believed not to be the case, appropriate 
comment is made. 

The following terminology and abbreviations are usedt 

Water - unless qualified this refers to ordinary light water 

Mixture - unless qualified this means a mixture which is effectively 
homogeneous 

O.D. - outer diameter 

I.D. - 1nnsr Cjmeter. 



Where the information required to fill a space in a table is not available 
this is indicated by placing a dash - in the space. 

(Note: as will be clear from an examination of the Tables an empty space in 
a Table implies repetition of the data for the preceeding entry in 
the Table. This is a device sometimes used to improve the legibility 
of the sentence). 



CHAPTER 1 - SINGLE, UNMODERATED U235 CORES 



CHAPTER 1 - CONTENTS 

Page 

EXPERIMENTAL RESULTS FOR HIGHLY ENRICHED U2J5 - 

Spherical Cores 

Table 1.1 Unreflected Spheres of Uranium Metal 7 

1.2 Spheres of Uranium Metal with Non-moderating 
Reflectors 

1 3 0 Spheres of Uranium Metal with Moderating 
Reflectors (includes Cadmium Shielded 
Systems) 

Cylindrical Cores 

14 0 Unreflected Cylinders of Uranium Metal 12 

1 5 0 Cylinders of Uranium Metal with Non-moderating, 
Single Material Reflectors 

1 6 0 Cylinders of Uranium Metal with Non-moderating, 
Composite Reflectors 

1.7 Cylinders of Uranium Metal with Non-moderating, 
Composite Reflectors 

18 0 Cylinders of Uranium Metal with Moderating 
Reflectors (includes Cadmium Shielded Systems) 

19 0 Unreflected, 20.32 cm dia Cylinder of Uranium 
Metal Dilute with Molybdenum 

1.10 Unreflected 1540 in dia Cylinders of Uranium 
Metal Diluted with other Materials 

Paralleleipiped Cores 

1.11 Unreflected Parallelepipeds of Uranium Metal 32 
1.12 Rectilinear Parallelepipeds of Uranium Metal 

with a Natural Uranium Reflector 

1.13 Rectilinear Parallelepipeds of Uranium Metal 
with Moderating Reflectors 

. 1.14 Spherical Shell Cores of Uranium Metal 

Cylindrical Annular Cores 

1.15 Unreflected Annuli of Uranium Metal 

1.16 Reflected Annuli of Uranium Metal 

1.17 Annuli of Uranium Diluted with Molybdenum 
(includes Cadmium Shielded Systems) 

8 

lo 

13 

16 

19 

22 

28 

29 

33 

34 
36 

37 

38 

39 



Page 

EXPERIMENTAL RESULTS FOR INTERMEDIATE AND LOW ENRICHED U2" 

1 .18 Spherical Cores of Uranium Metal with Natural 
Uranium Reflectors 40 

Cylindrical Cores 

1.19 Unreflected Cylinders of Uranium Metal 41 
1 .20 Reflected, 45’05 wt% Enriched Cylinders of 

Uranium Metal 43 
1.21 l6$% Enriched Cylinder of Uranium with Natural 

Uranium Reflector 46 
1.22 Parallelepiped Cores of 37067% Enriched Uranium 

Metal (includes Cadmium Shielded Systems) 47 



2 0 

3 0 

4 l 

5 l 

6 a 

7 a 

8 0 

9 0 

10 l 

11 0 

12 0 

13 0 

14 0 

15 0 

16 l 

CHAPTUi -I - REFERENCES 

HANSEN, G. E., and :';OOD, D. P. Precision Critical-Mass Determinations for 
Oralloy and Plutonium in Spherical Tuballoy Tampers, USAEC Report LA-1356 
Revised, Los Alamos Scientific Laboratory, to be issued 

PETERSON, R. E., and NEWBY, G. A0 Lady Godiva: An Unreflected 
Uranium-235 Critical Assembly, USAEC Report LA-1614, Los Alamos Scientific 
Laboratory, 1953 

PETERSON, R. E., and NEWBY, G. A. An Unreflected U-235 Critical Assembly, 
Nucl. Sci. Eng., 1:112-125 (1956) 

HANSEN, G. E., PAXTON, Ho C., and WOOD, Do P. Critical Masses of Oralloy 
in Thin Reflectors, USAEC Report L&2203, Los Alamos Scientific Laboratory, 
July 16, 1958 

WHITE, R. H. Topsy, A Remotely Controlled Critical Assembly Machine. 
Nucl. Sci. Eng. 1:53-61 (1955) 

ORNDOFF, I. D., PAXTON, H. C., and HANSEN, G. E. Critical Masses of 
Oralloy at Reduced Concentrations and Densities, USAEC Report LA-1251, 
May 1, 1951 

WOOD, D. P., and PENA, B. Critical Mass Measurements of Oy and Pu Cores 
in Spherical Aluminium Reflectors, USAEC Report LAMS-2579, Los Alamos 
Scientific Laboratory, November 2r 1961 

U.K.A.E.A. - Internal Document 

JOSEPHSON, V. Critical Mass Measurements on Oy in Pu and WC Tampers, 
USAEC Report LA-1114 (DEL), May, 1950 

MALLARY, E. C. Oralloy Cylindrical Shape Factor and Critical Mass 
Measurements in Graphite, Paraffin and Water Tampers, USAEC Report 
LA-1305, October, 1951 

RALSTON, H. R. Critical Masses of Spherical Systems of Oralloy Reflected 
in Beryllium, USAEC Report UCRL-4975, University of California Radiation 
Laboratory, Livermore, Cctober 10, 1957 

JOSEPHSON, V., PAINE, R. W., and WOODWARD, L. L. Oralloy Shape Factor 
Measurements, USAEC Report LA-1155 (DEL), August 1950 

HANSEN, G. E., PAXTON, H. C., and WOOD, D. P. Critical Plutonium and \. 
Enriched-Uranium-Metal Cylinders of Extreme Shape, Nucl. Sci, Eng., 
8:570-577 (1960) 

USAEC Report LA-1217 

PAXTON, H. C. Los Alamos Critical-Mass Data, USAEC Report LAMS-3067 
Los Alamos Scientific Laboratory, May 6, 1964 

KINNEY, W. E., and MIHALCZO, J. T. Oak Ridge National Laboratory Fast 
Burst Reactor, USAEC Report ORNL CF-61-g-71, Oak Ridge National Laboratory, 
1961 

4 



17 0 HANSEN, G. E., WOOD, D. P., and GEER, W. U. Critical Masses of Enriched- 
Uranium Cylinders with Multiple Reflectors of Medium-Z Elements, Nucl. 
Sci. Eng. 8:588-5% (1960) 

18 0 PAXTON, H. Co, LINENBERGER, G. A., LOWRY, Lo L., OLCOTT, R. N., 
ORNDOFF, J. Do, and SALTIZAHN, J. D. Bare Critical Assemblies of Oralloy 
at Intermediate Concentrations of U235, USAEC Report LA-16'71, Los Alamos 

, Scientific Laboratory, 1954 

19 l DOMINEY, G. R., LANE, R. C., and THOMAS, A. F. Critical Mass Measurements 
with Thin Discs of 45*5$ Enriched Uranium, UKAEA Report AWRE NR/A-l/62, 
Atomic Weapons Research Establishment, Aldermaston, March 1962 

20 . NEVER, J. J., HANSEN, G. E., JARVIS, G. A., LINENBERGER, G. A., and 
YOUNG, D. So Critical Assembly of Uranium Metal at an Average U235 
Concentration of I6$. USAEC Report LA-2085, Los Alamos Scientific 
Laboratory, 1956 

21 0 MIHALCZO, J. T., and LYNN, J. J. Neutron Multiplication Experiments with 
Enriched Uranium Metal in Slab Geometry, USAEC Report ORNL CF.61 -4-33, 
Oak Ridge National Laboratory, 1961 

22 0 MIHALCZO, J. T., and LYNN, J. J. Critical Parameters of Bare and 
Reflected 93.4 wt% U235 - Enriched Uranium Metal Slabs, in Neutron Physics 
Division Annual Progress Report for Period Ending September 1, 1960, 
USAEC Report ORNL-3016, pp. 73-76, Oak Ridge National Laboratory, 
Sept. 1, 1960 

23 l MIHALCZO, J. T. Prompt Neutron Decay in a Two-Component Enriched Uranium 
Metal Critical Assembly, USAEC Report ORNL-TM-470, Oak Ridge National 
Laboratory, Jan. 11, 1963 

24 0 LANE, R. C., and PERKINS, 0. J. E. Measurement of the Critical Mass of 
373% Enriched Uranium in Reflectors of Wood, Concrete, Polyethylene and 
Water. UKAEA Report AWRE NR1/66, Atomic Weapons Research Establishment, 
Alorrmaston, February 1966 

25. MIHALC;:tC), J. T. Critical Experiments with Annular Cylinders of U(93.2) 
Metal in Neutron Physics Division Annual Progress Report for Period Ending 
August 1, 1963, USAEC Report ORNL 3499, pp. 62-63, Oak Ridge National 
Laboratory, Dec. 10, 1963 

26 0 MIHALCZO, J. T. Prompt-Neutron Lifetime in Critical Enriched-Uranium 
Metal Cylinders 2nd Annuli, Nucl. Sci. Eng., 20:60-65 (1964) 

27 0 HOOGTERP, J. C. Critical Masses of Graphite - Tamped Heterogeneous 
Oy-Graphite Systems, USAEC Report LA-1732, !+!ay 1954 

28 a KINNEY, W. E., and MIHALCZO, J. T. Critical Experiments and Calculations 
on the ORNL Fast Burst Reactor in Neutron Physics Division Annual Progress 
Report for Period Ending September 1, 1961, USAEC Report ORNL 3193, 
Oak Ridge National Laboratory, Nov. 17, 1961 

29 l MIHALCZO, J. T. Prompt-Neutron Decay in a Two-Component Enriched-Uranium- 
Metal Critical Assembly, Trans. Am. Gucl. Zoc., 6( 1) 3% (1X13 / 

5 



30 l MIHALCZO, J. T. Prompt Neutron Decay Constants for Unmoderated Uranium 
Metal Critical Assemblies with Large Gaps, in Neutron Physics Division 
Annual Progress Report for Period Ending September 1, 1962, USEAC Report 
ORNL-3360, pp. 39-40, Oak Ridge National Laboratory, Jan. 11, 1963 

31 
l 

HANSEN, G. Em, WOOD, D. P., and PENA, B. Reflector Savings of Moderating 
Materials on-Large Diameter U(93.28) Slabs, USAEC Report LAMS-27u, 
(June 1962) 

32 0 DONALDSON, R. E., and BROWN, W. K. Critical Mass Determinations of Lead 
Reflected Systems, USAEC Report UCRL-5255, University of California 
Radiation Laboratory, Livermore, June 9, 19% 

33 l LANE, R. C. Measurements of the Critical Parameters of Under-Moderated 
U.ranium Hydrogen Mixtures at Intermediate Enrichments in Criticality 
Control of Fissile Materials, I.A.E.A., Stockholm, 1966. 

6 



EXPERIMENTAL RESULTS FOR SINGLE, UNMODERATED U235 CORES - HIGHLY ENRICHED 

Table 1.1 

Unreflected Spheres of Uranium Metal 

L e 

ENRICHMENT AVERAGE DELAYED 

( wt%> 
DENSITY GEOMETRY CRITICAL MASS REFERENCES 

(SW4 ( k9-d 
I 1 

93*9 l8*75 Thick shells 51@9 1 

93.71 w71 Thick sections 52e25a 23 9 

ai Corrected for slight asphericity. Uncorrected value 52.65 kgm 

Effect of stray reflection said to be equivalent to less than 044 kgm 
change in critical mass 
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EXF’ERIMENTAL RESULTS FOR SINGLE UNMODEZATED Uz3’ CORES - HIGHLY ENRICHED 

Table 1.2 

Spheres of Uranium Metal with Non-moderatinq Reflectors 
(See also Table 1.3 for Tungsten Carbide Reflectors) 

r- REFLECTOR CORE 

Geometry 

Nesting Shells 

Nesting Shells 

Nesting Shells 

Nesting Shells 

Hemispheres 

1 
Pseudosphere of f In. cubic 
units. Reduced density 
simulated by distributing 
) in. cubic voids In core 

1 

Nestlng Shells 

0.375 tn. diameter x 0.45 in. 
central source cavl ty 
0.375 in. diameter I 0.65 ln. 
central source cavtty 

Thick Shells 

0.375 in. diamter x 04s in. 
central source cavity 
Pseudosphere of ) In. cubic 
units 

O-375 in. dia&ter x 0.45 in. 
central source cavity 

0475 in. diameter x 045 in. 
central source cavity 

DELAYED 
CRITICAL 
(X>CIE MASS 

04 

REFERENCES fhicknem 
( w 

Average 
Dens\ ty 
kdc4 

0.695 19.0 36.2 
1.76 19.0 26.5 
3.52 19-o 20-5 

3-92 19=0 19*35 

7-m 19-o 17a86 

9.00, -19-o 1741 

8.75' -19*0 20.93 
8.75' 49~0 He34 

8025~ -19-o 26-93 

7-25' -19-O 39-34 

2.610 2m82 37.3 

2.00 746 

Mlo 746 

314 

2797 

A 4*7 

2-00 

8075~ 

S-35 

a*88 

I 

29*dC 

21.2 

Average 
Density 
WC4 

lee75 

18975 

lea75 

G-75 

18-62 

lea72 

1&7 x 0*8X 

18.7 x o=BL6 

1867 x 0*702 

18*7 x 0600 
I 

184 

Is*6 

184 

18-52 

184 

l&7 

184 

18.75 

Ia88 

242 

93=9 

‘W9 
w9 
959 
93.2 
9Gm 13 
9G 
94 
94 

94 

9348 

93.9 

93e9 

93.9 

93 l 9 

9G 

9399 

93 -9 

Material 

Natural Uranium 

Aluminiumb 7 

Cast Iron 4,g 

4,8 

Steel 15 

Nickel WJ 

9.5 

Nickel-Silver 
(a Nba7Cw 047) 

28.4 48 

mcc 48 



Table 1.2 (Cont’d) 

(3011E REFLECTUI I 
CILAYED 
CRITICAL 

Enrkhawnt 
hIMrage Thicknem 

Average 
Material DensLty 

CDt?E k4SS 
REFERENCES 

(WW 
Density Gecmetry 
WCC) 

( M 
(944 (ksn) 

93*9 10-75 O*l)s In. dlrmeter I 045 In. -plnr 24m 840 a+’ 0 
central source cavity 

93.9 1eh5 0.375 tn. dlarrwter x 045 in. cm 175 848 22.09 43 
central source cavl ty 

93.9 10-7 0475 In. diameter I O*d5 in. Zinc 2aI 744 31 l 9= L.8 
central source cavity 

9399 l&5 0375 In. diameter 1: 045 in. d-u?5 744 27.0’ 4.0 
central source cavity 

93-9 l&75 

93*9 l&75 

930 1 18.7 

9% 1 167 

0.375 in. diameter x O-45 tn. 
central source cavity 

04’75 In. dtameter x 0.45 In. 
central source cavity 

Nesting Shells 

Nesting Shells 

Tungsten-Al lay 2*00 1749 25-7 4,s 
(Cu Nh.dho~,d 

440 1749 20=7 w 

‘I 

Lead (0428 uts 8.W 11.3 32-65 32 
Calcha) 

17.22 lb) 2749 32 

93.9 l&6 OeJtS tn. diameter x 04s in. Thorium Ml 114 3790 Jw 
central soutco crvlty 

93*9 184 Shells 043 tn. dlmeter Natural Uranium 9.0 19.0 

central cavity (against core) 21.5 15 
Aluminiun 9-5 2-7 1 

93*9 18.5 Shells O-83 in. dirmter Na tutaL Uranium 9*0 19.0 

central cavity I (against core) 
252 15 

Alumlnlum 4.7 2*7 1 ’ 

93*9 10.75 O-375 In. diavter x O*d541n. 1 Tungsten-Al lay 2.0 1749 
central source cavity (against core) 224 Cd 

cat Iran 2.0 74 
. 

8. Psaudo@wic~A nfA8ctot 
b. USM Type 2014 aluiniu (3.9 - 5.0 rt% m# 1 uts Ire, 04 - J.2 rtj si, 040 - 1.2 rts m) 
Co Adjurted using A$‘A (r/tc) = 145 



EXPERIMENTAL RESULTS FOR SINGLE, UNMODERATED U235 C9RES - HIGHLY ENRICHED 

Table 1.3 

Spheres of Uranium Metal with Moderatinq Reflectors‘ 
(Includes Cadmium Shielded Systems) 

REFLEcfoR I , DELAYED 
Averago CRITfCAL 

Enrichment Average REFERENCES 
fhn8l ty maetry Yateriat thickness CXME MASS 

(WW WCC) ( W Em cc WP) 

93.9 

93.9 

93.9 

93*9 

104 04 in. diameter central cavity Water )a25 1 l o 25.0 15 
-184 0.8) In. dlametet central cavity .12’ 14 u*9 15 

-10* s O*nS in. dirmteo x 04s in. central >12a l*O U.7b 10 
source cav( ty 

104 Shells 0.83 in. dLrrter centraA cavity .12’ 1-o 35aoh 15 

93*9 
93.9 

1895 0*83 in. diamter central cavity Paraffin d 049 a.3 15 
l&5 043 In. diaawter central source 4 O-09 24-o 8,lO 

crvi ty 

93.9 

93.9 

93*9 

93.9 

93 07 

93-9 

10-5 0.4 ln. dialrter central cavity 99.8 rt% hewy rater (in 044 ln. thick Je28 u-0 15 
strinlew steel vessel) 

184 Neotlng Shells w-8 rtjl heavy rater (in 0.01 In. thick 449 21*8 15 I 
l lurnlnium vessel) I 

l&5 Nesting Shells 9.8 rt$ heavy water (in OaOL in. thick 5 40 m 20.2 15 
stainless steil vessel) 

18*5 Ncstlng Shells 99.8 ut$ heavy rater (in 044 in. thick 6.64 m 18.2 15 
8trinLess steel vessel) 

104 043 in. dlawtw central cavity 99.8 rtl( heavy water (In 042 In. thick 1543 lb3 15 
rtrlnlesr steel vessel) 

l&5 Nesting Shells W-8 rt% heavy rater (in 042 in. thick 154 21.5h 15 
8tainlem rterl vessd) 

. 

93* 17 

93* 17 

93.9 

9347 

9% 17 

93.6 

9343 

180% 0475 in. dirrwtw central murce 6eryAl ikm 0475 144 32a7 11 
cavity 

l&59 OdJ’7s in. dialwtw central source 1.285 144 284 11 
cwi ty 

184 047s in. dlrwtor x 04s In. central 1451 144 23.6 0 
SolJIce cwity 

l&59 04j”?S in. dirrtot central source 244 144 21*0 11 
cavity 

1049 04m in. diarter central source 3-651 1.84 16.3 11 cavity . 

18.6 003)s in. diarter x O*ti in. centrrl 4-U 144 l&O 4.8 
cavity 

1849 O-4m in. dbwkr central sauce -98 t 144 10.6 11 
cwt ty t 

A’ 



REFLECXCR 1 DELAYED 
CRITICAL 

Enrichment Average Thickness Average CGIE I!ASS REFEREKES 

(WW Density ’ Geometry Material Dens1 ty ( ins) (QP) 
(9n’/cd (dcc) 

94 -18.7 Pseudosphere of 1 in. cubic units with Beryllium Oxide 2& 2.69 21.0 43 
0.4 in. diameter x 046 in. central 
source cavity 

94 -18e7 Pseudosphere of f in. cubic units with Berylliun Oxide 3.P 2.69 17-6 4d3 
0.4 in. diameter x 046 in. central 
source cavity 

82.7 17.8 f in. cubic units ad Psuedosphere of -2.69 124 15 

93 l 9 18.7 Nesting Shells Type CS-312 graphite 2.0 la67 3b5 4,10,15 

93-9 l&7 Nesting Shells 44 1 a67 25.9 4,10,15 

93.9 18.45 Nesting Shells 6.0 147 l  22.9 ‘lO,lS 

93.9 18e75 Nesting Shells 890 1'*67 20* 8 10,lS 

93 l 9 -18d Od33 in. diameter central source e -17 b67 18.1 10,15 
cavity 

93*9 18.45 Shells Oe83 in. diameter central Tungsten Carbide 2d9f -lb7 19.9 9 
cavity 

93.9 18.45 Shells Oe83 in. diameter central 4.sf -14*7 17*7 9 
cavity 

93e9 18*45 Shells 0.83 in. diameter central 6.5f -lb7 17-4 9 
cavity 

78.5 17e8 Pseudosphere of ) in. cubic units -9 14e7 26*5o 15 

93.9 -18.5 Shells Oe83 in. diameter central 

I 

Natural Uranium (against core) 9*0 19.0 
cavity 

1 
18.8 15 

Beryllium 4*0 144 

?3 2 . 184 Thick Shells Natural Uranium (against core) 0.50 19.0 a7 15 
* Beryll iua 1.30 144 

. 
. 

Cylindrical reflector 
ii: Iii th 0.83 in. diameter cavity critical core mass -25.1 Lrga 
co Pseudospherical reflector of 1 in. cubic units 
d. At in. cube reflector 
ee Type CS-312 graphite against core, rerctot grada outaide 
I. Pseudosphericrl reflector 
9. 14 in. cube refhctor 
h. OaOl in. thick crbrimm between core and refLectas 



EXPERIMENTAL RESULTS FOR SINGLE UNMODERATED U235 CORES - HIGHLY ENRICHED 

Table 1.4 

Unreflected Cylinders of Uranium Metal 

DELAYED CRITICAL PARAMETERS 
I 

ENRICWENf AVERAQ 

(4 
DENSITY GEOMETRY 
(W4 1 Dianne ter Height 

b I -7 

Mass REFERENCES 

iameter ( ksm) 

93.8 18.5 i 4*75 in. ! WOO*21 12 8 O-4 in. rings I ! 
* 1 

93*8 -18a5 -0-d in. rings, Oa4 in. d 540 in. - b76 704 12 
x O-47 in. central source 
cavity 

94 -18*5 44 in. rings, 04 in. d 637 in. w 0.953 f 58-81 12 
x 0.47 in. central source 
cavity I 

93.15 18.76 - b 17*771 ems 12.629 ems - 5&759 26 
93.8 -18.5 44 in. rings, Oe4 in. d 7eOO in. - 0.723 59.2 12 

x Oe47 in. central source 
cavity * 

94 -18.5 4.4 in. rings, 04 in. d 7.50 in. N 0-61 6b9 12' 
x 0.47 in. central source 
cavity 

93*15 18.76 b 22.850 ems 9e748 ems - 74d361 26 
93*15 18.76 b 27.931 ems 8&2 ems - 99464 26 
93.15 18m76 b 33,010 ems 8.080 ems - 129e355 26 
93al5 18*76 b 38.086 ems 7*708 ans - wmo 26 

93a4 17*70 b 15dO in. 3.25 in. odl4 165.7” 13 
93*3 18*06 0.3 cm thick discs 15d0 in. 348 in. 0.212 166.35 15 
93*3 w9 0.3 cm thick discs 15dX) in. - 0.214 16b45 31 
93.2 17m9 0.3 cm thick discs 2bOO in. - a141 3Ole72 31 

:: 
Assembly divided into tw parts by a 0.019 in. thick stainless steel diaphragm 
These cores were assembled from 1 in. wide cylindrical annuli and 7 in. diameter discs ranging in thickness 

from 4 in. to ) in. Annuli and discs were fabricated with a * 04002 in. variation in any dimension and a 
total variation in flatness of t 04002 in. so that the gap between nesting pieces was no more than 
Omooo6 in. 



EXPWIMWTAL RESULTS FOR SINGLE, UNMODERATED U235 CORES - HIGHLY ENRICHED 

Average 
Density 
w=) 

18.70 

184 
104 

-104 

93-7 -104 

93.8 -18.5 

934 -18~5 

94-o 

93.4 

94.0 

94.0 

94*0 

94.0 

94.0 

-18.5 

17.70 

10.7 

104 

10.7 

18.7 

10.7 

Table 1.5 

Cylinders of Uranium Metal with Non-moderatinq, Sinqle Material Reflectors 

(See also Tables I .6, 1.7 for a number of steel, copper, nickel and zinc 
reflected systems and Table 1.8 for tungsten carbide and molybdenum 
carbide ref let tors) 

OORE REFLECXOU 

Geometry Material Thickness 

m Depleted Uranium 2.75 ln. 

Discs 0.075 to 1.200 In. thick 

Discs O-075 to 1.200 in. thick 

O-4 in. diameter x 0~47 in. 
central source cavity 

Universal tlngs, 04 In. diaowter x 
047 in. central source cavity 

Universal rings, 0.4 in. diameter x 
047 In. central source cavity 
UniversaA rings, 0.4 in. diameter x 
047 in. central source cavity 

Universal rings, 0.4 in. dlamter x 
047 In. central source cavity 
Universal rings, 0.4 In. diameter x 
0.47 In. central source cavity 

Universal rings, 04 in. diamter I 
0.47 fn. central source cavity 
Universal rings, 0.4 In. diameter x 
Oe47 in. centrrl source cavity 

Universal rings, 0.4 in. diameter x 
0.47 In. central mwc8 cavity 

Universal rings, 0.4 in. diarater x 
0.47 in. central sourc8 cavity 

Na tutaL Uranium 04 in. 

la0 in. 

142 In. 

1.81 in. 

2.00 in. 

Pseudocylhdet of ) In. cubk units 
Pseudocylhdet of ) in. cubic units 
Pseudocyllnder of ) in. cubic units 
Pseudocytirder of ) In. cubic unltr 
PseudocyAhde~ of ) in. cubic units 

340 in. 10.9 15.00 in. 
4 in.d 18*9 3.0 in. 

* hd 10.9 44 in. 

4 hd 49*0 4.3 h. 

44 in.d 10.9 64 in. 

4.75 id 10a9 0.3 in. 

T 
Awragt 
Density 
bw) 

13.90 

18.0 

18.0 

-18.7 

Diameter Height 

3.U tn. 

5.25 In. 

S-25 in. 

3*98 in. 

-I&7 

-10~7 

-18.7 647 in. 

-l&7 7.50 In. 

-18.7 5.50 in. 

-10.7 6.37 ln. 

CELAYED fXl=YtCAL m PARAMETERS 

27-8 tn. &b 

1*26 

0.97 

341 

l-38 

O-34 

0465 

1 l 03 

0.67 

047 

04Bl 

3.08 

1.00 
- 

0.31 

040 

Mass 
(kgP) 

374 
GO4 

324' 

2602~ 

26*7 b 

29.2b 

70.0 

22.7 

17.72 

10.0 

2b6 

27.3 

REFEREN(3ES 

13 

4 
4 , 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

12 

12 

9 
12 

12 



I Table 1.5 (Cont’d) 

CORE I REFLECTOR I DELAYED a?ffIcAL am PARAMEtiRs 
ii 

REFEWNCES . 
7 Lamter 

MattriaL 
I 

Thickness 
Average 
Density 
t9fvC) 

Average 
Density 
(gm/cc) 

MhSS 

(w) 
Dia-tcr Height Gtoaw try 

1.69 57.6 4 

I*40 5oe7 4 

1=77 Se25 in. Magnesium ’ 
a I 

04 in. 
bo0 in. 

93*5 18.8 Discs O*U7s to b200 in. 
thick 

141 55.2 4 

147 46b9 4 

Se25 in. Type 2s Alumfnbm 

I 

04 in. 
b0 in. 

18.8 Discs OdY75 to 1.200 in. 
thick’ 

2.70 93-5 

1*41 
l-15 

4 
5 

2-74 5*25 Ln- a.5 

39*6 
Discs 047s to 1.200 in. 
thick 

93.5 Abminiua (>99 utS) 

Titanium (96d rti) 

type SAE 1020 steel 

04 in. 
lb0 in. 

04 in. 
1.0 in. 

4-O in. * 
04 in. 

de50 525 in. 

7.78 4.25 in, 
7.78 Se25 itIe 

1.0 in. 7e78 Se25 ins 

18*8 

18.8 1.63 
1 -GO 

93*5 Discs 0475 to l-200 in. 
thick 

4 

G 

18.7 

18.8 

18a8 

l*U 

1.19 

DISCS O-075 to 1=200 in- 
thick 

40a8 Discs 047s to 1400 in. 
thick 

8e79 Se25 in. le30 

1-0s 
9?*5 Discs OdY7fi to 1 a200 in. 

thick 
18.8 

1898 la28 

1 l OJ 

8-72 92.5 Discs Od75 to le2OQ In. 
thick 

Cobat t 
(Reagent matcrLaL) 

04 in. 

l*O in. 

4 la)1 

1903 

CoPPer 
(99-994 wti) 

I 

04 in. 

1.0 in. 

~ 8d7 Se25 in. u.7 

35e6 4 

Discs 0475 to 14W in. 
thick 

l&8 

1 
l&8 

’ $*25 in. b30 

142 

4 

4 

Molybdenum 
(994 wtjb) 

I 

04 in. 

1.0 in. 

4&s 
35.0 

93.5 1043 Discs 0475 to l-200 in. 
thick 

5*25 ine 

I 

Om5 in. 

la0 in. 

la26 43e2 

0+8 33e7 

9395 Discs 0475 to I*200 in. 
thick 

4 

4 

17-3 



T T I DELAYED CXfflCAt CORE PARAMETERS REFLECTOR CORE - 

$!!a terial 
Average 
Density 
(944 

Average 
Density 
bd4 

Mass 
hd 

mrkhmnt 
(*It%) 

9?4 -18.7 

Thickness Diameter Height Gtome try 

2 in. (walls 
and one end) 
3 in. (one end) 

17@3 &25 in. 29.26 : Tungsten Alloy 

12.7 cm 

9 

13.3 ca 

9 

lb3 

lb3 

1147 cm 

9.88 cm 

93.2 1843 Lead 
(0428 wts calciun) 

32 
32 

32 - - 

15 
I 

9346 18-75 - Thorium - h 11.9 5.967 in. - 0@59 A 1 1 
3; 

, 

Jo Uncorrected for 1 in. Akminium plate and steel platen supporting cylinder, critical core mass less than 2 kgn, low 
L Effect of O*Olfi in. steel diaphragm across median plane and candelabra support less than 04% of critical core mass 
- bb Uncorrected for 1 in. Aluminium plate and steel platen supporting cylinder, critical core mass Less than 1 kgm low 
id. Pseudospherical ref Lector 
1’ l Type FS-1 Magnesium (3 wt% Al, 1 ut% Zn, Oa3 wd Mg) 
f. Electrolytic nickel (not Less than w.5 rt$ Ni + Co, not more than 0.25 wt$ Fe, 04 wt% C, 042 wt% S) 
I* Radial reflector only 
L 2bO in. equilateral cylinder reflector 



EXPERIMENTAL RESULTS FOR SINGLE, UNMODERATED ULJ' CORES - HIGHLY ENRICHED 

Table I.6 

Cylinders of Uranium Metal with Non-Moderating, Comoosite Reflectors 

(See also Table -1.7) 

Reference . . 17 
Uranium enrichment : 93.2 wt% 

These experiments were performed on a vertical approach machine. The 
cores were assembled from 0.125 in. thick discs and the reflectors from 
0.375 in. thick discs, the reflector discs being machined to 04005 in. flat- 
ness. Core and reflector formed a l!%O in. dia. cylinder, the core being 
reflected on the lower end only. 

The reflectors contained 27 discs and were supported, together with the 
lower 9 core discs, on a low mass aluminium cylinder attached to the lift. 
The remainder of the core was supported on a 0.019 in. thick stainless steel 
diaphragm. 

A series of reflectors consisting of a single material or of two materials 
at -25 vol.5 increments was investigated (see Figure 1.1). Results indicated 
that any effects introduced by the non-homogeneity of the reflectors were 
within the total uncertainty of the critical mass measurements (* 0.3 kgm). 

REFLECTOR AVERAGE 
COMPOSITION 

(Vol.%) 

DELAYED CRITICAL CORE 
PARAMETERS 

I 
. 

Height 
Z 

Mass 
. ( kgm) 

Mild Steel 

Type 347 Stainless Steel 

Nickel 

Copper 

Zinc 

15% Mild Steel 
8% Nickel 

2509% Mild Steel 
744% Nickel 

48.2% Mild Steel 
514% Nickel 

744% Mild Steel 
254% Nickel 

- - 129.3 

- - 1254 

- - 12343 

- - 121@0 

- - 126+ 

- - 123e5 

- - 123a5 

- w 123.9 

- 125.7 
i 

16 



a 
REFLECTOR AVERAGE 

COMPOSITION - 
(Vol.%) 

DELAYED CRITICAL CORE 
PARAMETERS 

? 
Heigh 

Height 
9&L 

Mass 
. ( kd 

Z5.95 Mild Steel 
740 1% Copper 

k&2$ Mild Steel 5108% Copper 

7401% Mild Steel 2509% Copper 

122e3 

I 0 123.4 

0 125.3 

2509% Mild Steel 
740 1% Zinc 

L&2% Mild Steel 514% Zinc 

7401% Mild Steel 
2509% Zinc 

2509% Type 347 Stainless Steel 7401% Nickel 

48.2% Type 347 Stainless Steel 
514% Nickel 
51.8 Type 347 Stainless Steel 
48.2% Nickel 

74~1% Tvpe 347 Stainless Steel Nickel 0 0 2509% 124.2 

2509% Nickel 
7401% Copper 

h&2$ Nickel 
5108% Copper 

7401% Nickel 
2509% Copper 

0 122*0 

2509% Nickel 0 0 74d% Zinc 124.6 

514% Nickel 
4802% Zinc t-1 - 

123+ 

740 1% Nickel 
2509% Zinc 

17 



Table 1.6 (Cont’d) 

DELAYED CRITICAL CORE 

REFLECTOR AVERAGE 
COMPOSITION 

(Vol%) 

PARAMETERS 
r 

Height 
Height 

/ 

Mass 
( kgm) 

Diameter 

25 69% Copper 
740 1% Zinc 

51.89 Copper 
744% Zinc 

740 1% Copper 
2595 Zinc 

- - 124 

- 122e9 

- 122.3 

18 



EXPERIMENTAL RESULTS FOR SINGLE, UNMODERATED lJz35 CORES - HIGHLY ENRICHED ’ 

Table 1.7 

Cylinders of Uranium Metal with Non-Moderatins, Composite Reflectors 

(See also Table I .6) 

Reference l 
.  17 

Uranium enrichment : 93.2 wt% 

These experiments were performed on a vertical approach machine. The 
cores were assembled from 0425 in. thick discs and the reflectors from 
0.375 in. thick discs, the reflector discs being machined to 04IOO5 in. flat- 
ness. Core and reflector formed a 15.0 in. dia cylinder, the core being 
reflected on the upper and lower ends only. 

The upper reflector contained 13 dbscs and was supported, together with 
the upper 6 core discs on a 0.019 in. thick stainless steel diaphragm. The 
lower reflector contained 14 discs and was supported, together with the 
remainder of the core on a low mass aluminium cylinder attached to the lift. 

A series of reflectors consisting of a single material or of two materials 
at -25 vol.% increments were investigated (see Figure 1.2) l Results indicated 
that any effects introduced by the non-homogeneity of the reflectors were 
within the total uncertainty of the critical mass measurements (& 0.3 kgm). 

REFLECTOR AVERAGE 
COMPOSITION 

(Vol.%) 

Mild Steel 

Type 347 Stainless Steel 

Nickel 

Copper 

Zinc 

25+Z Mild Steel 
7401% Nickel 

5108% Mild Steel 
4&2% Nickel 

r14.19 Mild Steel 
2509% Nickel 

DELAYED CRITICAL CORE 
PARAMETERS 

Height 
Mass 
( kgm) 

19 



Table 1.7 (Cont’d) 

REFLECTOR AVERAGE 

2509% Mild Steel 
740 1% Copper 

510% Mild Steel 
484% Copper 

7401% Mild Steel 

740 1% Zinc 

51.8% Mild Steel 
&2% Zinc 

7401% Mild Steel 
254 Zinc 

51.8% Type 34’7 Stainless Steel. 
b&2% Nickel 

744% Type 347 Stainless Steel 
250% Nickel 

48.2% Nickel 
514% Copper 

7401% Nickel 

74e 1% Zinc 

48.2% Nickel 
514% Zinc 

20 



Table 1.7. (Cont’d) 

1 
DELAYED CRITICAL CORE 

PARAMETERS 
REFLECTOR AVERAGE 1 

COMPOSITION - 
(Vole%) 

Height 
Height Mass 

Diameter ( kgm) 
I , 

2509% Copper 85 
74@19 Zinc 

48.2% Copper 
5143% Zinc 

- 81 

740 1% Copper 
25 09% Zinc 

78.5 

21 



EXPERIMENTAL RESULTS FOR SINGLE, UNMODERATED U235 CORES - HIGHLY ENRICHED 

Table - 1.8 

Cylinders of Uranium Metal with Moderatinq Reflectors 
(includes Cadmium Shielded Systems) 

REFLECTCH I 
REF~ENCES Height 

(W 
Ma terlal fhickness 

(in*) 
cametry 

0.3 a thick platoa and 
rings 

0.3 cm thick plates and 
lrlngs 
O-C in. diaaetet x 
047 In. central aowce 
cavt ty 
0-C in. diameter I 
047 in. central source 
ovi ty 
04 In. dirntsr I 
047 irae central mace 
cwl ty 

04 In. dianrter x 
047 In. central source 
crvlty 

04 In. dlatnetat I 
047 in. central source 
crvl ty 

04 in. dlrrter II 
047 In. central soutco 
cavity 

- 

0.3 a thick platoa and 
rlng8 

0.3 a thick plates and 
rings 

04 in. dhwtar I 
047 in. cmtt4A mu1c8 
crvity 

Cblr, Ln. diameter I 
047 in. cmttl1 mutco 
crvi ty 

water 6al 8 

b 

12 

l-0 

1174 

la9 

0.96 25.3 

046 26-O 

046 27-6 

O-365 29-S 

0400 m-9 

12.2 100 

0482 63.2 

1S 

1S 

10.15 

lO,lS 

10,lS 

10,lS 

I 
I 

lo, 1s 

10,lS 

13 

13 

934 

93.2 

93.7 

934 

934 

1799 

10.2 

-184 

-104 

-184 

-184 

-164 

18a70 

17*70 

eff. hf. 

93*3 

93.2 

93.7 

934 

17-9 

18.2 

104 

16.5 

Paraffin 6.00 ’ 

b 

8 

047 

O*eg 

lS*oo 

214m 

3-98 

4*7s 

117.1 

- 2024 

1.8 26.7 

0*9lS 23.7 

15 

1S 

10,lS 

IO,15 



Table 1.8 (Cont’d) 

Average 
Oensity 
(d=) 

184 

ia4 

104 

18.8 

18.8 

17.7 
17.9 

17-9 

Id*2 

l7@9 

18.2 

l&70 
17.9 

18e2 

mRE 

GQoawtry 

04 in. diamtar x 
047 in. central source 
cavl ty 
0.4 In. diameter x 
047 in. central source 
cavity 
04 in. diameter II 
047 in. central SOUICQ 
cad ty 

Discs 0475 to 1400 in. 
thick 

Discs 047~ to 1.200 in. 
thick 

Oa3 cm thick plates and 
rings 
0.3 cm thick plates and 
rings 

- 

04 cm thick plates and 
ring8 
0.3 cm thick plates and 
rings 
0.3 cm thick plates and 
rings 
Oe3 ca thick pLa tar and 
rings 

0.3 a thick plates and 
rings 

0.3 cm thick plater rnd 
ring8 

0.3 a thick plrtm md 
ttClp 
00) a thick plrtes l d 
rings 

Material 

Paraffin 

- 
Polye thylenc 

REFLECTOR 

Thkckness 
(in.) 

8 

O-5 0.921 

lb0 

a 

W21 

0.925 

b 0425 

290 
a 

a 

b 

d 

3eo l 

b 

0.92 

O-925 

0.925 

oe925 

042s 

0.925 

0.925 

4.0 
8 

0.92 

0*92s 
b o-925 

Average 
Density 
kd4 

0.89 

~- 
IXLAYED (=RITfCAL OORE PARAMETERS 

Diameter 
(W 

540 

6475 

7-50 

s-25 

s*25 

1540 

2boo 

1540 

1500 

1540 

21GI 

2140 

15aI 

21a 

30% 
1540 

2ia 

He lght 
(in.) 

- 

- 

143 
- 

- 

- 

- 

- 

26.0 
- 

a 

O-605 

0450 

0*280 

1.35 

1.01 

0435 
- 

- 

- 

* 

- 

84 
- 

- 

Mass 
( kglp) 

23.9 

26- 1 

28.6 

464 

34.7 

1374 

245-l 

73-2 

12196 

78.3 
. ..- 

213aO 

126.0 

1174 

REFERENCES 

10,15 

10,15 

10,lS 

4 

4 

15 

15 

13 

15 

15 

15 

15 

15 

15 

13 
1s 

1s 



Table 1.8 (Cont’d) 

f REFLECTOR DELAYED ~ITICAL aRE PARAMET’ERS 

Dime ter 
( W 

1sal 

15aI n 

2boo 

2l*aI " 

15aI 

2140 

Height 
(inA 7 iameter 

- - 

9 n 

- m 

an n 

- - 

154Xl - 

21*00 - 

1540 I  

2boo - 

5 025 l-20 

5.25 e 040 

15*00 f 1.96 f O-131 f 
15.00 f 1.35 f 0*09 

f 

15d0 f MI2 f 0468 f 
lS*oo f o-79 f 0~053 f 
15-m f 0.635 f o*w f 

se25 144 

I*25 147 I 

Average 
Dens1 ty 
b4fc4 

Mass 
b4 

REFEREKES 

IS 

15 

15 

IS 

15 

15 

15 

15 

15 

15 

4 

4 

13 

13 
13 

13 
.* 13 

4 

4 

irichment 
b’w 

93*3 

Average 
Density 
WCC) 

17-9 

93*3 

93.2 

17e9 

18.2 

93.2 18.2 

93*3 17*9 

93*2 l&2 

93.3 17.9 

93*2 l&2 

93.3 1?.9 

93.2 18e2 

18.8 

168 

17.7 

17e7 
17.7 

17*70 
17G 

18e8 

18.8 

Materbl Thickness 
(Ln.) 

Geoatetry 

04 cm thick plates and 
rings 

04 cm thick plrtes and 
t irrga 

0~) cm thkk plater and 
rings 

0.3 cm thick plater and 
rings 
0.3 cm thick plates and 
ring, 
0*3 cm thick plates and 
rings 

Oe3 cm thick plates and 
rings 
0.3 cm thick plates and 
rings 

0.3 cm thick plates and 
rings 

04 cm thick plates and 
thgs 

DISCS OaUTS to Ie2OO in, 
thick 

Discs OdY75 to la200 in. 
thick 

w 

- 

- 

DISCS O*a)S t0 1.200 ilIe 
thick 

116.5 

r3ag n 

2014 

u5.1 n 

l&3 

201~5 

116-J 

201-j 

PolytthyLcn* 6-o ' 

a 

0992.5 

o-925 

Oa925 

Oe925 

0+25 

0+25 

o-925 

0425 

b 

b 

b 

1060 l 

b 

~-- 
148 il4.0 

195-d 

Lucite 6mo l 

b 

144 

144 

140 
140 
le80 

140 

1*80 

41.3 

31.1 

loo*5 f 

694 f 

52.5 f 
404 f 

32*5 f 

Berylliua ' 04 

1.0 

24 

3eO 

GO 
se0 

Graphit. g 0.5 147 

Graphite 9 b0 1.67 

49e2 

do-1 



EiAchment 
: 4) 

j3.3 
93e2 
93.4 
93.4 
93.3 
93.2 
93.18 
93*fS 
93.3 
93*3 
93*2 
93.2 

93.16 

93.18 

93*3 
93.3 

9362 
93.2 
93.3 
93-2 
93e3 
93.2 
93.3 
93e2 

93e7 

Average 
Dens1 ty 
(9+4 

17*9 
l&2 
18.7 
l&7 

17e9 

18.2 

18.7 

l&7 

17.9 
17*9 
l&2 

18.2 

18.7 

1747 

17.9 

17.9 
18~2 
18.2 

17-9 
la.2 

17-9 
18-2 

1799 
18e2 

-18e5 

a3R.E 

Geometry 

O*jlS in, thick discs 

04 In. dhlwter x  
Oe47 in. central sowce 
CIVi ty 

Ma tetiai 

i 

REFLECTOR 

Thickness 
(inA 

a 
b 

2-o h 
a 

b 

4435 
5.75 
6-m l 

C  

b 

d 

6.25 

7*00 
a 

C 
b 

d 

8dO a 
b 

12do l 
b 

14*00 l 
b 

-17 ) 

Average 
Density 
(99w 

1.79 
1.73 

168 
1.71 

l-79 
1 l 73 
140 
140 

1*70 

1.7 
1.76 
1*7 

140 

1.60 

le71 

la7 

1.76 
1*7 
1.72 

1.75 

1970 
1.76 
1.71 
l-76 
l& 

DELAYEDCRfTICALOORE PARAMETERS 

DLameter 
(in*) 

lS*O 

21.0 
104 

104 

lS*O 
21.0 

3a 
3=a 

15*0 
15.0 

2190 
2190 

3#2L 

15-O 

15eo 
15.0 

21*0 

2190 
150 
21.0 
150 
21.0 
1590 
21.0 

3e25 

Height 
(In.) 

m  

Od92 
0426 

- 

. - 

4.41 

0473 
- 

2.95 

Mass 
(k9’4 

145e2 

260*0 
s395 
62-8 

u&4 
238.5 

55-s 
40.7 

123-2 
804 

206.3 
1114 

36-1 

55*8 

122*1 

78.2 
2ob 1 

106.7 

121~) 

202*1 

121.5 
199.2 

121.4 

196-8 

u 

REFERENCES 

4 

4 

27 

15 

15 
15 

13 

13 

15 

15 

15 

15 

13 

13 

15 

15 

15 

15 
15 

15 
15 

15 
15 
15 
15 



Table 1.8 (Cont’d) 

REFLECTOR MAYEDCRITICUOORE PARAMETERS 
1 

Atwag Average 
hwichment Geamtry Diamter Height 

CiYf 
(in.) zr 7::) 

REFERENCES 

(4 
Ma tttial Thickness 

cc ?z"r ('n-1 (in.) cc 
~~~ 

0.4 in. diamter I 

Oe4 in. diammtet I 
O-47 in. central source 

0.4 in. diameter x 

0.4 in. diameter x 

04 tn. diaamtelr I 
0.47 in. central source 

Pseudocylinder of f in. 
cubic units with 0.4 In. 
x 046 in. central source 

units with Oe4 in. 
in. central soutco 

935 18.7 - ’ Tungsten Cwbide 2eo -14-7 445 - e 2610 15 

93.3 17*7 - contra ta k 2eo 8 4*3 150 -1 - 1 
(31 lb) 

ly74 1 15 

k a 4eo 8 -1 - 1 
(58 Lb) 

1284 l 15 

k m 6ao ’ -1 J 
m lb) 

125.9 l 15 

k a 8.0 ’ -1 -1 
(116 lb) 

1244 1 15 

- k t2*0 l -1 -1 
(178 lb) 

we4 ’ 15 
, L I . 



Table 1.8 (Cont’d) 

m 
REFLECTOR 1 ELAYED CRITICAL a3RE PARAMETEP-S 

1 
1 

Enrichment Average Average 
Density Geometry !#!a terial Thickness Dcns1 ty Diamt ttr Height Mass 

(41 w4 WCC) (in*) (“4 z ow’) 

REFEFENCES 

I 
93=3 17.7 Concrete k 28.0 ’ -2.3 150 1 1 1 - - l&l 15 

(406 lb) 

93.5 l&8 Discs 047s to 1~200 in. Molybdenum Carbide 04 947 $925 0 i -23 42.4 4 
(95-96 wt% MO&) 

93.5 1898 Discs O-U75 to 1~200 in. 

6etyL iium c 0-S 144 
thick 

i 
(against core) S-25 boo 344 4 
sttti 6 04 7.78 1 

Discs 0475 to 1400 in. Ekryi i I’m a 0.5 in. (walls 144 
thick and one end) 

1-O in. (one and) ’ 0.96 , 33*2 4 
I 

Steel m 04 7.78 
. A 1 

M de Core reflected on one end only, core and reflector forming a 154X in. dia cylinder 
3 

b. Core reflected on one end only, core and reflector forming a 21eoO in. dir cylinder 
C. 

d. 

e. 

f. 

Core reflected on ends only, core and reflector forming l%CD in. dia cylinder 

Core reflected on ends only, core and reflector forming 1540 in. dia cylinder 

Type C&W beryllium (loo0 ppe Fe, 300 ppm Si, do0 ppm Yg, loo0 ppm Al, 400 pp C, 7000 pp~ 0, 20 ppn halogens) 
One end of reflector separated from the remainder of the system by OaO19 in. thick stainless steel di.aphragm 

Type Cs 312 graphite 

Core reflected on ends only, core and reflector forming a 10-S in. dia cylinder 
5 ino thick type Cs 312 graphite against cow, reactor grade outside 
Pseudospherical reflector 
Class A concretes 1548 Ib f in. rock, 1563 Ib sand, 517 lb Portland cement, do.3 gal water 

1 Unref Lected critical core mass = 163 8 kgoq ~utves of . rs. mass paralleled for this series 
Society of Automotive Engineers Type SAE - 1020 (Q- 17-044 wt$ C, O-30+60 rt$ Yn, O-040 wti P, 0*050 wtl S) 
0~01s in. thick cedmim betwen core and reflector. 



Ej(PERIh?Ei;-TAL FiESijLTS FOR SKGLE, !MWDERATED U23 5 CORES - HIGHLY ENRICHED 

Table 1.9 

Zl.32 cm dia Cylinder of llranium Metal Dilute with Molybdenum 

Reference: 16, 28 

Core Material, 10 wt$ molybdenum alloy of uranium 

Uranium enrichment, 9347 &t$ 

Average density, 17.08 gn)/cc 

Reflector: Unreflected 

Delayed Critical Parameters: Height, 14.78 cm 

Height/Diameter - 

Mass, 684 kgm 

28 



Ej(PERIMENTAL RESULTS FOR SINGLE UNMODERATED U2'5 CORES - HIGHLY ENRICHED 

Table 1.10 

15.00 in. dia Cylinders of Uranium Metal Diluted with Other Materials 

Reference: - 15 
Uranium enrichment: 93.3 wt% 
Reflector: All cores unreflected 

In these experiments the cores were assembled from alternate layers of 
uranium and the diluent, with a diluent layer at the base of the stack. The 
thicknesses of the repeated layers are noted in the Table as well as the average 
composition of the core. The uranium layers were built up from 0.3 cm thick 
discs. 

, 

LAYER THICKNESSES AVERAGE' AVERAGE 
DELAYED CRITICAL PARAMETERS 

lOLUME % ( ) cm URANIUM DILUENT b 
JRANIUM ’ . 

Uranium Diluent 
. 1 

784 03 0 oa08 

64-a 03 l 0.16 

55.2 03 0 Om24 

48-o 03 0 Om32 

42.6 03 l 0.40 

ALUMINIUM DILUENT 

14@20 

lb68 

9*97 

8*70 

7.75 

724 
I 24 l 

62*3 

49-o 
49.0 

39.1 
38*4 

15 0 

09 l 

09 a 
l 

06 0 
06 a 

l 

0*555 4.14 
0+12 5.22 

b166 6e39 

1*358 747 

1.502 9@23 

IRON DILUENT 

0*95 13.28 2.08 4@33 
0*95 11.36 2@88 5.21 

0.95 8+'7 3.91 PO2 

0.95 8@97 3.91 7.00 

oa95 748 4-68 944 
0@95 7.01 Ge70 9*96 

I 

om276 

oe348 

0.426 

0412 

oe615 

0.289 166.5 

0.347 171.4 

0.468 182e2 

oa467 181.8 

oa656 204.5 

oa664 202.3 

170@4 
176a7 

184m6 

193.4 
2074 

29 



LAYER THICKNESSES DELAYED CRITICAL PARAMETERS 

NICKEL DILUENT 

COPPER DILUENT 

ZINC DILUENT 

1 
38.5 ~06 0.95 j 7-09 4.32 9.43 0*629 I 193*7 

4 

ZIRCONIUM DILUENT 

71.3 03 l 0-1 1348 1~81C 4*44 Oa296 169a6 
-. 

564 03 l 0 4 .- IO*31 2.70 5.84 o* 389 174.2 

LTc6*5 0.3 03 l 8.G 3.32 7*42 0.495 181~6 
39*4 I 33 f  l i; 0 && /  7.18 3*74 9e22 oe614 19b5 

1 I a 

30 



LAYER THICKNESSES DELAYED CRITICAL PARAMETERS 

\/OLUME $ ( 1 
AVERAGE AVERAGE cm URANIUM DILUENT r 

URANIUM / I ( DENSITY DENSITY Height 
Mass 

Uranium Diluent 
(gm/cc) (gm/cc) Height 

(in.) 
‘/, iameter ( kgm) 

1 & 

MOLYBDENUM DILUENT 

89*2 06 0 0.08 1648 1.080 3m56 0@238 167@0 
79d 03 0 0.08 1545 20 3m96 0.264 166.2 

I 

HAFNIUM DILUENT 

I 

9?m3 39 0 b 04 17.55 0*349 347 0.218 166*2 

93m4 15 l 01 l 16m8o om837 3*45 Oe230 l67@8 
854 06 l 01 0 15.31 1@904 3*82 0.255 169a5 - 
74ml 03 0 04 13m30 3.30 4m48 @299 172.8 

L 

TANTALUM DILUENT 

T 

?4*5 03 l 04 13m43 km08 de43 oe295 172e2 
59@4 03 l 0*2 lo*?? 6.52 5@?3 0.382 178.7 
49.2 03 l 03 l 8.94 8d6 ?@31 0.48'7 189@2 

1 

TUNGSTEN DILUENT 

?3*1 03 0 04 13m21 4m92 4.33 00 288 165.5 
57.4 03 0 0.2 lOa 7@83 5m55 0.370 167.0 
47.3 03 l @3 8.63 +72 6e74 0@480 168*5 
4Om2 03 l 0*4 ?@29 JO@99 8.31 0.554 175.5 
35.0 03 l 05 l 6m46 1245 9.85 om656 184.2 

30.9 03 0 oe6 5.64 1240 12m23 0*815 199.9 
. . 

am U(934 plate at base of stack (layers inverted) 

b. The two thicknesses of U alternate in successive sandwiches 

31 



EXPERIMErJTAL RESULTS FOR SINGLE, UNMODERATED Uz3’ CORES - HIGHLY ENRICHED 
, 

Table 1.11 

Unreflected Rectilinear Paralleleoipeds of Uranium Metal 

DELAYED CRITICAL PARAMETERS 

ENRICHMENT METAL 
DENSITY GEOMETRY 1 

(WW 
REFERENCES 

(dcc) Area Thickness Thickness U23’ Mass 
(in.) x (in.) (in.) .nK ( k9d 

I 

a. In these experiments the aluminium support structure for the uranium was made as light as 
possible in order to minimise back-scattering of neutrons. For some of the 8 in, x 10 in, 
slab assemblies, in fact, the uranium on the fixed portion of the split table was suspended 
by aluminium rods. This arrangement is said to have lacked sturdiness, however, and tended 
to introduce uncertainties into the results by permitting cracks and voids to remain upon 
the table closure. In all assemblies the number of individual pieces was held to a minimum 
to reduce the void content. 



EXPERIMENTAL RESULTS FL?R SINGLE UMMODERATED U235 CORES - HIGHLY ENRICHED 

Table 1 .l2 

(Approximate) Rectilinear Parallelepipeds of Uranium Metal 
with a Natural Uranium Reflector 

Reference: 9 
Core : Uranium enrichment, 94 wts 

Average Density, l&7 gn)/cc 
Geometry, ) cubic units 

Reflector: Average Density, 19eO gq/cc 
Geometry, Pseudosphere 

T 

DELAYED CRITICAL CORE PARAMETERS 

REFLECTOR L 
THICKNESS Area Thickness Thickness Mass 

(in.) (in.) $ECi ( kgm) 

-8.5 in. 3x3 7.5 - 20.9 

-8e75 in. 3 x 3.5 6 - 19@35 

+I in. 4x4 3 5 l - 18eo 

-8e75 in. 5x5 2e5 - 19*4 

-8e25 in. 7*5 x 7@5 1 5 l - 27eO 
A 

33 



EX?ERIMENTAL RESULTS FOR SIiJGLE UNMODERATED Ur35 CORES - HIGHLY ENRICHED 

Table 1 .I3 

Rectilinear Parallelerheds of Uranium Metal with Moderatins Reflectors 

Reference: 21, 22 
Core: Uranium enrichment 9345 wt% 

Average density 18.7 gq/cc 
Reflector Geometry: Parallelepiped 

DELAYED CRITICAL CORE PARAMETERS 

REFLECTOR r 
THICKNESS 

(in.) Area Thickness Thickness 
(J2-3 5 

(in.) x (in.) * (in.) JG Mass 
( kgd 

Plexiqlas Reflector (Density 1.2 c&cc) 

1 5.00 x 5*00 4@96 0.992 35@5 
840 x lo*00 244 0*30 6oa5 

lO*Oo x 1040 2*32 0432 65e6 
1540 x 15eoo 1~92 od28 l23e7 
2040 x 2cGo b79 oeogo 2o5e5 
24eOO x 25ao 1.77 OaO72 304@5 

2 5*00 x 5@00 3e70 oe740 26e5 
8.00 x 1oeo0 

lO*oo x 1040 



DELAYED CRITICAL CORE PARAMETERS 

REFLECTOR 
THICKNESS 

(in.) 
u235 

Area Thickness Thickness 
(in.) x (in.) (in.) ’ J7Ez Mass 

( kgm) 
A r 

Graphite Reflector b 

t I 

1 l 43 8 x 10 2a52 57*7 
2.87 8 x 10 241 - 48e4 
5@75 8 x 10 I*65 37e8 

12.0 8 x 10 ie32 3@3 
I I 

Beryllium Reflector (Density 146 gq/cc) 
I r 

12eo 5x 5 b40 - 104 
, 

a. One 8 in. x 10 in. surface of core unreflected 

b l Union Carbide Coe Ltde AGOT graphite, a high purity 
nuclear grade (0.4 pepem. B average, ash OeO7 wtg), 
density 1.72 gn)/cc 

35 



EXPERIMENTAL RESULTS FOR SINGLE UNMODERATED Uz3' CORES - HIGHLY ENRICHED 

Table 1.14 

Spherical Shells of Uranium Metal 
Reference: 15 

Reflector Geometry: Spherical; the reflector material also filled the central cavity in the core 

DELAYED CRITICAL 
CORE REFLECTOR CORE PARAMETERS 

Diameter of 
Enrichment Average Thickness Density Outer Central Mass 

(wtg> 
Density Geometry Material 
(9d4 

(in.) (gq/cc) Diameter Cavity ( kd 
(in.) 

93.9 18e5 

93e9 18.5 

93e8 184 

Water lb6 140 3.60 26a7 

14e4 140 4& ' 2&o 

1de3 140 &68 294 

93e9 184 - 98689 Heavy Water (in 
Oe2 in. thick stainless 
steel vessel) 

14e9 - - 3.60 17*5 

93e? 18@5 - l&7 - - 4*08 18e4 

93=7 18e5 - 14.4 - - 4*97 19.5 
. 



EXPERI/'JENTAL RESULTS FOR SINGLE UNMODERATED U235 CORES - HIGHLY ENRICHED 

Table 1 .I5 

Unreflected Cylindrical Annuli of Uranium Metal 

References 25, 26 

In these experiments the cores were assembled from 1 in. wide cylindrical 
annuli, ranging in thickness from $ to $ in. These wre fabricated with a 
~0~~02 in. variation in any dime&ion and a total variation in flatness of 
k0~~2 in. so that the gap betweeri nesting pieces was no more than 0.0006 in. 

. . 
NRICHMENT AVERAGE r 

bw 
DENSITY 
kF+) Outer Diameter 

Diameter of Central Height Mass 
Cavity kd 

1 
n 

Annuli with Void Central Cavity 
~ ~~ I  

934 18.76 11 in. a 7 in. a 7.31 in. a 157.9 a 

9345 l&705 33.010 cm 17a787 cm 14&a ctn 165.937 
9345 18.693 38488 cm 17487 cm 10.779 cm 179@509 

'9345 18.705 38.088 cm 22464 cm 15458 cm 206.635 
111, 

Annuli with Beryllium Filled Central Cavity 
a 

934 18.76 15 in. f 7 in. f 3*98 in. f 168.6 f 
I  

Annuli with Central Cavity Walls Reflected by 1 in. Graphite 
n 

93.2 1846 1.3 in. b 9 in. ’ b 6.08 in. b 128.7 b 
I  

Annuli with GraDhite Filled Central Cavity 
T -1 

93@2 la*76 13 in. ' 7 in. ’ 5.26 in. ’ 15b9 c 

93@2 l&76 15 in. d 7 in. d 4.10 in. d 173*6 d 

93@2 18.76 15 in.. e 9 in. e 5.35 in. e 185@3 e A 
d 

am A 7 in. diameter, la36 in. thick uranium disc was located at the bottom 
of the central cavity, and a 7 in. diameter, la25 in. thick disc at the 
top of the cavity with its top surface 0.13 in. below the top of the 
annulus. Reactivity - 16*5 cents 

b. Reactivity - 54 cents 
C. Reactivity + 15*6 cents 

d. Reactivity - 2&6 cents 

e. Reactivity - 11.5 cents 

f. Reactivity - 6.3 cents 

DELAYED CRITICAL PARAMETERS 



EXPERIMENTAL RESULTS FOR SINGLE UNMODERATED U235 CORES - HIGHLY ENRICHED 

Table 1.16 

Reflected Cylindrical Annufi of Uranium Metal 

Reference: is 

In these experiments the cores were assembled from i in. and ! in. thick rings 

CQRE REFLECTOR DELAYED CRITICAL (30RE PARAMETERS 

. 
Diameter 

inrichment Average 

i?liir’r 
Material Thickness Density Outer of Central Height M88S 

(W CC ( w (9qw 
Diameter 

(U 
Cavi t 

0 J 
(W ( k94 

n. 

Annuii with Void Central Cavity 

93.4 18*7 

93*4 18.7 

93.6 l&7 

Na tura 1 Uranium 

Polyethylene 

Natural Uranium 
(against core) 

Polyethylene 
a 

140 19.0 12*25 640 3.01 02.7 
340 2*03 

3.00 0.92 12.25 6ao 2.20 60.6 

1~00 19.0 
12.25 640 1.98 544 

2dm 0.92 

93.4 

93*15 

93al6 

l&7 

18.7 

17@9 

Type S-312 
Graph1 te 

2*00 -1.67 12*25 6a0 2@86 78.5 

9.5 (ends) 1667 6d4 3G5 6.36 334 
84 (waALs) 

6.00 a 1@7 2boo 1540 34 176a7 

Annuli with Water Filled Central Cavity 
I 

93@15 18.75 Water >12 bO0 6d4 345 5.75 3b8 
. A 

a. Reflector acrom ends of core only, no radial reflector 



EXPERIMENTAL RESULTS FOR SINGLE UNMODERATED U235 CORES - HIGHLY ENRICHED 

Table 1.17 

Cylindrical Annuli of Uranium Diluted with Molybdenum 
(Includes Cadmium shielded systems) 

References: 16, 28 

Core: Material 10 wt% molybdenum alloy of uranium 
Uranium enrichment 9347 wt% 
Average density 1743 gm/cc 
Outer diameter 2D32 cm 

IrtarirA 

REFLECTOR DELAYED CRITICAL CME PARAMETERS 

v 
Diameter I 

of Central 
UW 

Thickness Density Height 
( cm) hdcc) Cavity (cm) 

Vohzne Maw 

( cm) Od 
. I 

Annul\ with Void Central Cavity 

Unrcf lected- 548 19a7d - 85.9 

1 \ 
849 (loner 

12=70 cm) 
3lexiglas 2.51 1.2 - 548 (above ) 1702’ 67.5 

12.70 cm) 

340 \ 12*57 - 47.2 

2.51 (top and 
lower 8.25 cm of walls) I 19eos - 75.3 

15.27 (base) 

849 (lower 

Plexiglas/ 12.70 2.54 1.2 - Cadmium d 5d (above cm) I 17998 7oe7 
12.70 cm) 

\ 
540 1540 - 61.2 

1 

Annuli with Plexklas filled Central Cavity 

\ 
049 (lower 

12.70 cm) 
Plexiglas 2*54 14 548 (above 13.86 - 52.8 

12.70 

{%?i;;;;opj . 

\ 
cm) 

j 1748 - 69b4 

I 
8439 (lower 

Plexiglas/ 12.70 cm) Cadmium a 2.54 1.2 548 (above lb.65 - 56.2 
12.70 cm) 

548 \ 13.18 - 49.8 
1 I I 

Annuli with Central Cavity filled with TYPP 3/,7 Stainless Steel 

l Unref iected- 543 18.92 - 824 
I 

a. 0*025 cm thick cadmium between core and reflector 

39 



EXPERIMENTAL RESULTS FOR SINGLE UNMODERATED U'= CORES - INTERMEDIATE AND 
LOW ENRICHMENTS 

Table 1.18 

Spheres of Uranik Metal 

Reflector: Pseudosphere of natural uranium, 
average density 19.0 grq/cc 

In these experiments the cores were pseudospheres of 21 in. cubic units and 
the average enrichment was obtained by mixing units of 96 wt% enriched and 
natural uranium 

CORE 

4t REFLECTOR DELAYED CRITICAL CORE PARAMETERS 

Average Average 
THICKNESS MASS REFERENCES 

Enrichment Density 
(in.) ( kd 

bt%> (gm/=) 

80.5 l&7 &75 22.73 6 

67e6 l&75 8 l 5 30.73 56 9 

66?6 l&7 8 l 5 3144 56 9 

47*3 184 7675 57e23 56 9 . 

40 



EXPERIKNTAL RESULTS FOR SINGLE, UNMODERATED U235 CORES - INTERMEDIATE AND LOW ENRICHMENTS 

664( rue) 

03*C(rvc) 

804( we) 

77*7(ave) 

754rve) 

70-q we) 

654rve) 

64-q l ve) 

56.6(M) 

5% 1( we) 

53-6(sve) 

504( 8U8) 
-~ 

so-?{ mm) 

Table 1.19 

Unreflected Cylinders of Uranium Metal 
(Note: In this Table U(X) is used to denote uranium containing wt% U235) 

r 

1040 Repeated iryers of 3-6 cm U(934) and 0.3 a U(Naturr1)’ 

I 

, m95 Repeated Layers of 2.4 cm U(9)-3) and O-3 a U(Naturrl)’ 

r 

17.90 Repeated hyers of l-8 cm U(9)-3) and O-3 cm U(Naturrl)a 

I 

17-98 Repeated layers of l-5 a U(9)-3) ad 0.3 cm U(Naturri)’ 
c 

15 19 Repeated Layers of 1=2 a U(9)-3) l d 0-3 cm U(Nrturrl)’ 
L 

10~ 16 Repated layers of O-9 a U(93.3) rd 0-3 cm U(Natural)a 

1843 Repeated layers of 3-6 cm U(9)-3) and 14 cm lJ(Nrtural)a 

lam21 Repeated Iayers of O-6 cm U(9)-3) and 0.3 a U(Natural)a 

18-37 Repeted layers of 24 cm U(93-3) rd 1.5 a lJ(Natural)' 

1844 Reperted Layers of 2-l a U(93.3) and 14 cm U(Naturrl)' 
with l rtr8 U(93.3) at top of 8tack 

l&7 Repeated hyors of O-8 cm U(93-4) and O+ cm U(Natunl)’ 

ELAYED ClfTKu PARAYIERS 

Dhrter I I Hoi*t 
(in4 ,( in4 

15-00 I I 340 O-233 

15.00 b-66 

I I 

o-31 1 

1 

176-o 1S 

181.8 15 

rm3 15 

192-8 15 

lgr-5 15 

210=2 15 

215-O 15 

229-2 15 

u-7 15 

u7*3 15 

, 

9w4 u(934) + 18 
7wJ2 U(RMural) 
( l&93 hy8m) 

, 



Table 1.19 (Cont’d) 

I 
1 REFERENCES 

M&SS 
( w 

ENRIW 
(-a 

Roprtod laymrr of o-6 a U(9)-)) and o-6 a U(NWmL) 
8 I 15 

15 

I 19 7-26 

16-92 547 

18.16 Pseudocylindor of h8xagon81 Uni t8 2.31) in. 8~10%~ flot8, d.8 
V8tyh9 in thiCh8SS fta O-2 t0 1.2 in. 8d CO8t.d With 8 
pOt8Ctiw 18CQJ8? (S88 Fi9Ur8 I.,) 

I 

I  
I  19 

1849 I it8p@8t8d 18y8rs of 1-2 Q U(9)*3) 8d 1-5 Q U(Natur8l) 8 
u*2(8V8) 5.92 I 15 

1849 I R8p8a-d hy8rS of 0-9 cm U(9)-3) and 1.5 a U(Natura1) 
8 

I 
1540 7.02 o-460 I 3764 

/ 
15 

L 
I 

I8 

38*0(rtm) 

11.75 I R8CMt@d 1ay8rS Of 0.8 Q U(9)-4) 8d 1.2 CI U(NaturrL) b. f 10-5 -10-04 o-956 105*436 U(9)-c) + 
161-17 U(Natura1) 
(1248 Layers) 

31*6(aw) 1041 I R8pO8t.d lry8rS of 0.3 cm U(9)-3) 8nd 0.6 a U(Natuta1) 8 15-m S-23 o-548 I 440-s I5 

1345 18.8 PsudocyAhder of 10-S in. di8 repe8t8d lay8rS of b. f 

O-8 cn U(93.4) and l-8 cm U(Naturrl) 8rt8nd8d by U(-193-5) and 
U(IIatunl) blocks in proper proporthn 

lla42 16 294 4 

28=9(8-) 1842 I ROPO8-d 18y8rS Of o-6 Cm U(9)-3) 8nd 1-s C8 U(MltUZ8L) 
8 

9.63 15 

16.65 I R8pO8t.d 18y8r# Of 0-3 CI U(93-3) 8d 1-s CI U(Natur81) a*9 

folloaod by &) cm u(!&)) rnd 0.3 ca u(NltiU8l) I I 
6X-3 23*9(8-) 150oo 15 

lS.oo 7634 15 1842 
I 

n8p8at.d lay-s of 0-3 Cm U(93-3) 8nd 1*) CI U(N--l) am9 

follouod by 0.3 cm U(93.3) l d o-6 - Ubtu-l) 
21=3(aw) 

19*3( l f8) 1846 

I 

R8mrt8d 18~818 of 0-3 Cm U(93-3) and 1.5 Q U(Nltur81) l *9 

tObWd by @3 Cm u(9)*)) 8nd 0-9 G U(ti8tUr81) 
15al 1745 15 l+o 962.7 

)- Indicat8d layer8 888edded fror O-3 cm thick U(93.3) discs 8d O-3 Cr, 0.6 w 8d 1.5 m thick U(Matutrl) dirlcs, starting with U(Natura1) at base of 
rtrck 

b. IndiC8ted Iry8r8 assembled fra O-8 0 thick U(934 diacs rnd O-6 cm thick U(Natur81) discs 
Co St8Sts with U(93-4) 8t brae of stack 
de m8an dirwt8r 8v8lu8t8d on an 8gliVrl8nt U88 basis 
t. Firsi ut8ri81 divided into tw rpproxiut8~y equal wntk kth upper rnd 1-r caponmts mere SuppOrt8d on 0=186 cm thick l lumlniua plates, 

attached to 8n rlminium an918 fra-rk. ThiS iS raid to ?8dUC8 fMJt?Otl r8fl8CtioIl to th8 m8CtiCd &IiU. Th8 8ff8Ct of th8 rlwiniua intcrfrc8 
S8wr8tinjJ ti trA'fiSSih Cmmn8nt8 8t CXitiCrl iS Cm8CtOd for @Bpirially 

f. Stutr with 0.6 Q U(Natura1 8t bru of St8Ck 
9. St8It8 Wit& 1.5 - U(titUt81 8t b8SO Of St8Ck 



EXPERIMENTAL RESULTS FOR SINGLE UNMODERATED Uz3’ CORES - INTERMEDIATE AND 
LO?/ ENRICHMENTS 

Table 1.20 

Reflected, 45.5 wt% Enriched Cylinders of Uranium Metal 

Reference: 19 

In these experiments the cores were pseudocylinders assembled from hexagonal 
and half-hexagonal units ranging in thickness from-04 to -1.2 in. and measur- 
ing -2.75 in. across the flats (for complete hexagons). All units were coated 
with a protective lacquer giving an average core density af 1846 gq/cc. Three 
sizes of core were used equivalent, on an area basis, to cylinders of diameter 
Il.58 in., 16.92 in., and 224 in. 

Two arrangements of side reflector were used with each size of core: 

Natural uranium was available in hexagons and half-hexagons similar - 
in size to those in the core; these were placed round the sides of 
the core (see Figure 1.4) giving a radial reflector ‘7.03 in& wide 
and with an average density of i&26 grrl/cc. 

The remaining reflector materials were cut in two patterns (see 
Figure 1.5) enabling the sides of the core to be surrounded by an 
approximate 6 in. thickness of reflector. The average densities of 
these reflectors were: 

mild steel 7.78 gq/cc, aluminium 2.72 gq/cc, graphite 1.74 g@c 

The end reflectors are described in the Table: 

END REFLECTORS (See notes prefacing Table for DELAYED CRITICAL 
details of side reflectors) GORE PARAMETERS . - - -‘.. -’ 

. 

Geometry Thickness 
(in.1 

NATURAL URANIUM REFLECTOR 

Mass 

36 in. square pseudoslab 
assembled from 1 in. thick 

a 

slabs and 1.2 in. diameter 
rods of uranium in steel a 

box a 

4 a 

a 

a 

a - 

a 

a 

1148 Ye27 - 0 

16e92 2@36 - - 

224 2@01 * 0 

MILD STEEL REFLECTOR 
. v 

36 in. square slab 7*24 11.58 442 - - . 

16.92 2m98 - - 

22@ 1 2.57 - - 
1 L 
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Table 1.20 (Cont’dj 

END REFLECTORS 
(see notes prefacing Table for 

details of side reflectors) _ 
. 

DELAYED CRITICAL 
CORE PARAMETERS 

Geometry 
Thickness Average Dia. 1 Height 

(in.) ~~$$ (in.) (in.) 

. I 

-~- ~ ~ 

36 in. square slab 

36 in. square slab of c b -640 b 
blocks in steel box b b 

b b 

ALUMINIUM REFLECTOR . 

248 lb58 

16.92 

224 

4*40 

3.21 

2.72 

GRAPHITE REFLECTOR 

Mass 

- - 

- - 

- - 

BORATED GRAPHITE (Na~.~21 B2.00, 04.31, C22.6) 
END REFLECTQRS, GRAPHITE SIDE REFLECTOR 

40 in. square slab 8 1@55 lb58 3e76 - - 
1642 2.80 - - 

224 240 - - 

a. The overall composition of the natural uranium end reflectors is given in 
the following Tables: 

LOWER REFLECTOR 

LAYER NO. * THICKNESS COMPOSITION MEAN DENSITY 
(in.) (dcc) L t 

1 orno Mild Steel 7.78 + 0*02 

2 140 Natural 18.54 f: oeo6 
Uranium 

3 547 Natural 16eo7 f= 043 
Uranium 

#Layers with lowest number nearest to fissile compo- 
nents 



UPPER REFLECTOR 

LAYER NO.* 

1 

2 

3 

THICKNESS 
(in.) - COMPOSITION 

MEAN DENSITY 
(mw 

0*130 Mild Steel 7a78 f= 0.02 
(1) Natural Uranium 9800% by 

volume 

140 18.33 + 040 
(2) Mild Steel 200% by volume 

(3) Natural Uranium 834% by 
volume 

5*67 (4) Mild Steel 24% by volume 15.91 t ~16 

*Layers with lowest numbers were nearest to fissile components 

Subsidiary experiments showed that the steel interface between the core and these 
reflectors introduced an error of less than i% in the critical heights. 

(b) The overall composition of the graphite and reflectors is given 
in the followinu Table: 

LAYER NO. 
, 

1* 

THICKNESS 
(in.) 

0.130 

2 6ao 

UPPER REFLECTOR 

COMPOSITION MEAN DENSITY 
WC4 

Mild Steel 

(1) Graphite 9800% by volume 1 

(2) Mild Steel 24% by volume I 

*Layer No. 1 was next to the fissile components 

LOWER REFLECTOR 

LAYER NO. 
THICKNESS 

(in.) COMPOSITION MEAN DENSITY 
(99w I 

1* 0467 Mild Steel 7.78 

2 6.00 Graphite 1.74 * 0.03 
. 

%Layer No. 1 was next to the fissile components 

Subsidiary experiments showed that the steel interface between the core and these 
reflectors introduced an error of less than 5% in the critical heights. 
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E,<$EFiIiAENTAL RESULTS FOR SINGLE, UNMODERATED U”’ CORES - INTERMEDIATE AND 
LC’J E !tIR I CHMENTS 

Table 1 l 21 

16i wt% (we) Enriched Cylinder of Uranium Metal 
with Natural Uranium Reflector 

Reference : 20 

Core : Average density, 18.75 gpkc 

Geometry, Pairs of 3 mm, 93-i wt% enriched and 
15 mm, natural uranium discs 

Reflector : Thickness, 3 in. 

Average density, 19aO grq/cc 

Delayed Critical Core Parameters : Diameter, 15 in. 

Height, - 
Height/Diameter, - 
Mass, 692 kgm , 

The non-homogenity of the core is said to reduce the 
critical mass by -1%. 

, 
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EXFWMENTAL FiESULTS FSR SINGLE UNMODERATED UL3 ‘, C3RES - I:JTERMEDI:ATE AND 
LOW ENRIC’FMENTS 

3747 wt$ Enriched Rectilinear ?arallelipiwds of Vranium Metal 
(Includes cadmium shielded systems) 

P.ef-erencec, : 4, 33 

In these experiments the CO& were assemoled from nominal L in. x 2 in. x 
1 l  p xi. plates laid horizor:tal I\/. Each plate ms c.oated wi -.h a t7+CC5 cm thick 
film of protective lacquer of which the chief ronsti=uent was aluminium and the , 
remainder carbon, hydrogen and oxqe~. Avcraqe material densities in the core 
were 1744 yIqcc uranium aTId 4045 04x I zluminium and the average vU235 atomic 

In one series ot Fxperiments only the roper surface of the core was 
reflected by the reflector spf:cif id ii: t.he fable, the remaining faces being 
reflected by an 8 in. thickness of polyethylene, (densky 0+19 gq/cc). In 
another series of experiments all faces of 39 core were reflected by the 
specified reflector. 

c 
I 

. 

. 

. 
L 
. 

I 
L 
I 
L 
. 

a* core ,rrd specil88d toflectot. ( hrt not betwwn the COW &M the 0 In. thick 
twu8n8nq cot* rutfrc~s.) 



DISC 

462% 
(j MSCS) 



----v-v---- -- 

DIAPHRAGI 

SW0 

34 DISCS) 



(a) EQUIVACWT CYUNOER DIAMETER It+8 INS 

(a) EOUtVALftW CYLINDER DtAMtttR lb58 iNS 

(G) mWIVALENt CYLtNDER DIAMEIQA 22*tO INS 

FIG. I.4 (i5EE TABLE t*20) 



(4 EQUIVALENT CYLINDER DIAMETER II* S8 INS 

CIRCUS SHOW eQwVALt)St 
cnINoms 

FIG. bS (SEE TABLE 1.20) 



CHAPTER 2 - SINGLE UNMODERATED PLUTONIUM CORES 
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EWERIMENTAL RESULTS FOR SINGLE UNMODERATED Pu CORES 

Table 2.1 

Unreflected Spheres of Plutonium Metal 

AVERAGE DELAYED 
Puz4’ GONTENT 

(wt%) 
DENSITY GEOMETRY CR1 TICAL 

MASS REFERENCES 
( g&c 1 

(kgd 

45 l 1546 Three main parts clad in 16e28 a 1 
-0005 in. thick nickel 

15e64 Hemispheres clad in 16*8 2 
copper 0.01 in, thick on 
spherical surfaces and 
0.005 in. thick on plane 
surf aces. 2@16 cm dia. 
central source cavity 

a, Plutonium contains 1.0 wt$ gallium. Critical mass corrected 
empirically for effect of nickel cavities, incidental reflection and 
asphericity; uncorrected value 16.574 kgm, Subsidiary experiments 
show critical mass of a bare sphere of pure Pu~‘~ to be 16.28 kgm at 
a density of 15 44 gm/cc 
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ElU’&-IlUF!;TAI. RESULTS FG? SllGLE U’WA3ERATED P\J CCRES 

Table 2.4 

Spheres of Plutonium Yetal with Non-moderatiw Reflectors 

aRE REFLECIOR DELAYED 
, CRITICAL 

Pu”’ Content 
Average Average OO11E REFaEwcES 

wlrr 1 
Density Geoma try _ Yaterirl Thickness Density MASS 

WCC) (gn(/cc 1  ~k!P) 

15d Four seqmcnts clad in O-CO5 in. thick nickel Natural Uranium 1*93 una 184 10.79 3 

15 l 62 Hem\ spheres l-625 in. 18.92 s~,u6b 4  

1564 Hemispheres clad in copper 0.01 in. thick on 2 in. 18*7 84 2  
spherical surfaces and OCI5 In. thick on 
plane surfaces. 246 cm dir central source 
crvi ty 

15.Bk Hemispheres clad in O-005 in. thick nickel 6% am= 184 7eM4 3 

154 H5mlspheres clad In copper 0~01 in. thick 3 in. 10*7 74 2 
on spherical surfaces and 0405 in. thick on 
plane surfaces. 2*l6 cm dir central source 
cad ty 

15.6 Hemispheres separated by discs. All com- 9*3 cm 1097 6.82~~ 7 
ponents clad 

15e58 Hemispheres clad in - OaO05 in. thick nickel t&l in. 19a 6*ab 5 

154 Hemispheres clad in copper O*Ol in. thick on 6 in. l0@7 69 2 
spherical surfaces and 0405 In. thick on 
plane surfaces. 2.16 cm dir central source 
crvi ty 

15.36 Hemispheres 7a72 in. 1990 S@91b 6 

w63 Hemispheres clad in 0*0065 Ln. thick nickel 94 in. 19-O 5*7P 1  

15.9 Hemispheres clad in 09005 in. thick nickel AluminiuZ 342 in. 242 llwb 8  

1544 f 
I ton 2 in. 747 lo@9 2 

1544 Hemispheres clad in copper 0.01 in. thick on 4 in. 74 9*6 2 
spherical surfaces and 0405 in. thick on 
plane witfaces. 2#16 cm dir central source 
crvi ty 

- 1544 
1 

6 in. 747 94 2 

1*35 15*58 HenisphormcAad ln - 0405 in. thick nickel copper 54IO In. 848 Wb 6 
041 in. dia ccnfral source cavity 

490 15*62 Hem1 spheres Tungsten Al lay 145Q In. 17m21 6.3sab 
(ha.. Ni,c.l, 

b  . 

QI9 zr) 

b5 

1.0 

I*35 

15.25 fhreo rrin parta clrd in - 0+X3 In. thick ThOd”n9 84 in. 
nickel aini-. 1199 9ab 6 

154 Hemi~pherer cIrd in - 0405 in. thick nlckol Natural Urrnluh - 19*0 
0*63 in. dia central source cavity (aqainst cord 6046~ 6 

Aluriniurr 4.25 In. 2.7 f 

15*58 Hemispheres cIad in - Oam5 in. thick nickel Natural Urrnlum’ 
043 in. dlr central source cavity (raainst core) 045 in. 19a 

Tungsten Carbid - 
60-13~ 6 

- lb7 

80 

b. 
Co 

d. 

l . 

I. 
9* 
h. 
10 
L 
k. 

Corrected wpirlcally for effect8 of nick81 coating rnd 0.01 In, thick atrlnle8a rtoal dirphrrl seprrrt ing hn!aphoma. 
Uncorrected vrluo 248 ca . 
Plutoniun contains 1-O rt I grlliur 
Corrected eapLricrAAy for l ffoctr of nickoA carting rnd O*Ol in. thick atrinlera ateaL dirphrr- l eparrting hrlapho?o@. 
Uncorrected vrluo 746 cm 
Corrected for effects of cladding on plrne surface8 of core component8 but uncorrectd for cladding on 8phericrl wrfac@a rnb 
for slight rsphericity of core 
Corrected empirically for effects of nickel and cavities. Uncorrected vrluos 5*75 kgr without central cavity, So'?8 11~ witi 
041 Ln. dir central cavity rnb 5% kcp with 044 in. dir central cavity. 
spheto of pure Pus” 

Subsidiary wperiwnts show Critic81 88@@ Of 8 
reflected by 9j in. natural uranium to be 5@7) kgm rt 15*% gqjcc 

USM Type Pld rluminiur (3*9-5*0 rt 5  OJ, 1  rt il Fe, 0*5+2 rt s Si, 040-1~2 rt 1  an) 
21 in. dir x 21 in. cylinder reflector 
9.0 In. 00 sphere 
Sphoro 
12*75 in. x 12.75 in. x 10.62 In. prrrllelepiped 
Component density not average core density 
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EXPERIMENTAl.  RESULTS FOR SMGLE Ut;MODERATED Pu OOfEs 

TABLE 2.3 

Spheres of Plutonium Metal iith Moderatinq Reflectors 

240 content Average 

p” (wtS) 
Density 
(sm/cc) 

aME REFLECTOR DELAYED 
’ CRITICAL 

CORE REFERENCES Average 
Geometry Material Thickness Dens i ty MASS 

k&cc) owl 

1544 2.18 cm dia central cavity Water 12&9 cm - - 9 

15.58 Hemispheres clad in - 0*005 in. > 12 in. l-00 7*9a 6 
thick nickel, 0*83 in. central 
source cavity 

15.d 4 segments clad in O*OO5 in. Beryll ium 
b 

1.77 cm’ r-86 
thick nickel d 

10.79 3 

4.90 lSa62 Hemicpheres 1.452 in. 1.83 8.386’ 4 

15*8’ Hemispheres clad in 0*005 in. 
b 

- 5.25 cm’ 146 7*366 3 
thick nickel 

- 19.25 Complete sphere clad in 0*005 in. 5.22 cm9 1084~ 5.426 10 
thAck nickel 

19.25 Complete sphere clad in O-005 in. 
0 

8.17 cfn9 1 l 84f 4.664 10 
thick nickel 

19.25 t 13ao cmgh 1.841 3.933 10 

19.25 Hemispheres clad tn nickel 21@ofl cmgh l+Uf 3e217 10 
0405 in. thick on sphericaA sur- 
faces and 0403 In. thick on 
plane surfaces 

- 19.25 32Q4 cmgh 144’ 2472 10 
t 

m  1Sd 4 regmentr clad An 0405 in. Graphite 343 a 1 l 632 10.79 3 
thick nickel 

lS*U t 2 in. 1e61 11.2 2 

15964 Hemispheres clad in copper 4 in. 1.61 9.2 2 
0.01 in. thick on rpherical 6ur- 
faces and 0~005 An. thick on 

. 

plane rurfaces 
246 cm dir central 6ource 
cavity 

- 1544 I 6 in. 1.61 8.2 2 

il: 
CO 

d. 
e. 

I. 
9@ 
h. 

i. National Carbon Co. of America Type C-18 graphite, 1.0 ppa B  
L Componant density, not average core density 

PIutoniunr contain6 l$ gall ium 
ContaAnr d Be0 
Corrected empiticaAAy for l ffect6 of nickel coatbg and 0.01 An. thick 6tainh66 6teeA dirphrr- l eprratirrp 
hemispherer. Uncorrected value lm96 un 
98 wt S 

. 

corrected empirically for effects of nickeA coating and 0.01 In. thick 6tainAe66 6teel diaphragm 6eprrrtlng 
hemi sphere6. Uncorrected value 5*50 cm 
Computed uring the pAutonAum/nickeA interface as the inner reflector diameter 
Uncorrected for effect of nAckeA (but see note f) 
Effect of nickel on pAane wrfaceri of core component6 6hcwn empiricaAAy to increase the critAcaA reflector 
thickne66 by - 0*25$ 
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Table 2.4 

Unreflected Cylinders of Plutonium Metal 
(See also Table 2.7) 

Reference : 3 

In these experiments the cores were assembled from a”2j-1 l jG In, thick 
plutonium discs each clad in 0.035 in. thick nickel or copper, The cladding 
was neglected in computing the core dimensions and average density (15.8 gm/cc). 
Two sets of results are given, an “as measured” set and a corrected set. The 
corrections were determined experimentally and take account of the cladding 
and of- a 0.01 in. thick stainless steel diaphragm supporting the upper section 
of the core. The lower section of the core rested on an -4 in. tKck table 
attached to the top of a thin walled tube. The table was perforated to reduce 
incidental reflection 

GEOMETRY 

Components 
Nickel clad 

Components 
Copper clad 

Diameter 
(cd 

9e87 

13.85 

DELAYED CRITICAL PARAMETERS 

M”2 17*3 1*75 

8.30 so0 0@577 

Corrected 
Mass 
(kgd 

2oe6 

18.72 
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sable 2.2 

Cvllnders of Plutonium Metal with Non-modctatim Reflectors 
ISee also Tables 2.5. 2.91 

mRE REFLECrOR DELAYED mIffCAL a3RE PARAMETERS 
7 

ha40 Content Average Average 
Height 

Height ) Mass 
REFERENCES 

btl) 
Dens1 ty Geometry Material Thickness Density Diaeter 
b/cc) (944 Y (wd Diameter 

-5 15u Discs 0.5 to 3*0 in. thick clad Depleted Uranium 3 in. 18*7 2.25 in. 19.77 in. 8-75 aO*oa 11 
in 0*005 in. thick nickel ("0.3 wt$ u2”) 

1508~ Discs 0*25-l-50 in. thick clad Natural Uranium 2cm 18*8 8.23 cm' 15.5 cm kc 1m8Bb 12.9 3 
in O-005 In. thick nickel 

150$ Discs O-25-130 in. thick clad 18.8 947 anb 9*14 cmbpd 00926~ lo*90 3 
Ln 0*005 in. thick nickel 

4 
1508~ Discs 0*25-l 050 in. thick clad 18b8 13.85 mb 5.545~1~~'~ 0400b 12*98 3 

in O*OOS in. thick copper 

IS-$ Discs 0*25-l=SO in. thick clad St= 1898 8.23 cmb 10-o c,b,f l-22 b 8.33 3 
in 9405 in. thick nickel 

l5d Discs 0~25-140 in. thick clad 18*8 9.87 cmb 6.91 cmbpg 00700~ , 8.24 3 
in OGO5 in. thick nickel 

- 1508~ Discs 0.25~MO in. thick clad 18.6 If*85 anb 4.38 crnb8h 00316~ 10.25 3 
in 0405 in. thick copper 

-5 1463 59934 in. dia x 0.123 in. discs 3 in. 18.7 6.0 in. 1.54 in. 0.258 10*lCa 11 
in nickel cans with outside 
dimensions 5.967 in. x 0.135 in. 

-6 15e34 Components clad in OaoO5 in. rnickf 19*0 4.315 in. - 044 6091~ 6 
thick nickel. o-06 cm. in. 
central source cavity 

1 
- 15.8 Discs 0.25~1*50 in. thick clad S tee1 10 cm 18-8 9.87 c&ab 7+32ct1&4$~‘~ 00802~ 9.45 

. I I 

3 
in 0.005 in. thick nlckcl 

:: 
c. 

d. 
l . 
f. 
90 
h. 
1. 
1, 

Plutonium contains 1.0 ut$ gallium. No correction for nickel cladding 
Core dimensions computed neglecting the nickel or copper cladding 
Corrected empirically for effects of nickel or copper cladding and 0.01 in. thick stainless steel diaphraw separating upper and Lower parts 
of assembly. Uncorrected value 16.06 a 
As c but uncorrected value 9.38 cm 
As c hrt uncorrected value 5.685 a 
A8 c but uncorrected vrlue IO*28 cm 
As c but uncorrhted vrluo 792 cm 
As d krt utuortecbd vrluo 445 QI 
Core approrlmately centml In 189 in. dia I 10 in. cylirdes of natawl unnitm 
As d but uncorrected value 7.98 CI 



In the original document, Table 2.6 appeared on a single foldout page. 
It is reproduced on the next three pages. The column headings appear 
on each page for convenience and the notes appear on the third page. 



EXl’iWMENTAL RESULTS FOR SINGLE UNWDERATED Pu OORES 

Table 2.6 

Cylitiers of Plutonium Metal with Uoderatinq Reflectors 

(See also Table 6.1 for graphite reflected rectangular parallelepiped of Plutonium metal) 

OORE REFLECTION DELAYED CRITICAL OORE PARAMETERS 

Pu240 Content Average 
AVerage ’ Height REFERENCES 

(ww 
Density Geometry Material Thickness Density Diameter 

Mass 

(w/cc ) (sm/cc) 
Height y (kgm) 

Diameter 

l  v 5  15G Discs 0.5 to 3.0 in. Water > 12 in. 1 40 2.21 in. 274 in. 1232 27*la 11 
thick clad in 0405 in. 
thick nickel 

-5 14@3 5*934 in. dia x 0.123 in. 6-O in. le67 in. 0*280 ll*la 11 
discs in nickel cans with 
outside dimensions 
5.96'7 in. x  09135 in. 
Core sealed in close ” I 
fitting Lucite! cylinder 

-5 13.1 As previous experiment IleO in. 1*05 in. 0*095 21 l 4a 11 
but core assembled from 
overlapping Layers of 3 
close-packed discs. See 
Figure 2.1 

-5 13*1 As previous experiment 160 in. 0.79 in. 0*049 34*la 11 
but 7 discs par Layer. 
See Figure 2.2 

,_~~~ 

15d 
b Discs 0~2-1~50 in. thick Polyethylene 10 cm - 9d7 cmb 7*OlcmtbPbC 0~710 8.36 3 

clad in 0405 in. thick 
nickel 

-5 1544 Discs 0.5 to 3.0 in. 4 in. 0*92 2@21 in. 33~0in.~ - 3202~ 11 
thick clad in 0405 in. 
thick nickel 

-5 15a64 Discs 0.5 to 3.0 in. Polyethylene 4 in. - 2.21 in. 29*41n.t2 - 2$e6a 11 
thick clad in 0405 in. (against eff. hf. 
thick nickel case ) water 



EXPEdIMENTAL RESULTS FOR SINGLE UNMODERATED Pu CORES 

Table 2.6 

Cyl1,nders of Plutonium Metal with Moderatinq Reflectors 
(See also Table 6.1 for graphite reflected rectangular parallelepiped of Plutonium metal) 

. 

OORE REFLECUON DELAYED CRITICAL CORE PARAMETERS 
Y 

Pu240 Content Average 
Density 

Average 

(wt%) 
(w-h) 

Geometry 
’ Height 

Material Thickness Density Diameter Height / Mass 

(9m/cc) Diameter oKv4 
1 

154” 

154" 

154" 

154” 

15.8” 

15*8” 

Discs 0*25-l 90 in. 
thick clad in 
0405 in. thick nickel 

Discs 0*25-lm50 in. thick 
clad in 0~003 in. thick 
nickel 

Discs 0*25-1.50 in. thick 
clad in OW5 in. thick 
copper 

Discs 0025-130 in. thick 
clad in WOO5 in. thick 
nickel 

Discs 0.25~1.50 in. thick 
clad in 0*005 in. thick 
nickel 

Discs 0.25~l+O in. thick 
clad in 0405 in. thick 
copper 

Beryl 1 ium d 
2cm 

5 cm 

1.86 

146 

8.23 cm 
b 

947 cmb 

1345 cm 
b 

8.23 cm 
b 

9Gr? anb 

13*85 cm b 

15ao cmbe 

8.91 cmbf 

5*428 cmbg 

9.14 cmbh 

6a35 cmbi 

3@94 cmbj 

1 d32b 

o*933b 

0.392 
b 

141 
b 

12*5 

1043 

12.70 

7962 

7% 

9.22 

REFERENCES 

3 



EXFWIMENML RESULTS FOR SINGLE -ERATED Pu OORES 
I 

Tlblr 

Cylinders of Plutoniuar Metal with Yoderatincr RefIectorQ 
(See also Table 4.1 for graphite reflected rectangular parallelepiped of Plutonium metal) 

CQRE 

Pua40 Content Average 
W%) 

Density 
bhc) . -----1-- 

Geometry 

REFLKXION DELAYED CRITICAL OORE PARAMETERS 
4 

A*Jerage Height 
Material Thickness Density Diameter Mass 

hhc) 
Height N (kgm) Diameter 

- I I I g I I 1 

-5 

-5 

I 
-5 

15# 

154" 

14a3 

15*u 

14-3 

Discs 0~25+50 in. thick 
clad in 0405 in. thick 
nickel 

Discs 045-130 in. thick 
clad in 0405 in. thick 
nickel 

5.934 in. dia x 0.123 in. 
discs in nickel cans with 
outside dimensions 
5+6? in. x 0-135 in. 

Discs 0~5-3~0 in. thick 
clad in 0C15 in. thick 
nickel 

5a934 in. dia x 0423 in. 
discs in nickel cans with 
outside dimensions 
5+67 in. x 0.135 in. 

Graphite k 

k 

2 cm 1.632 

1.632 

1.0 in. 

7.0 in, 

7.0 in. 

140 

lb60 

140 

9.87 cmb lo.63 cm bl 

9.87 Cmbf 846 cm bm 

6.0 in. 2.33 in. 

2.25 in. 1641 in. 

60 in. 143 in. 

1 .077b 

0457b 

0*390 

7.13 

0*273 

12b68 

10 009 

15aa 

1603~ 

10da 

REFERENCES 

3 

3 

11 

1 ’ 

11 

11 

;: 
Plutonium contains 1 wt$ gallium. No correction for nickel cladding 
Core dimensions computed neglecting the nickel or copper cladding 

C. 

d. 
ee 
fe 
9e 
he 
i. 
J 
k: 
le 
I). 

Corrected empirically for effects of nickel or‘ copper cladding and 0.01 in. thick stainless steel diaphragm separating upper 
and lower parts of assembly. Uncorrected value 7a06 cm 
Contalns ;rP t&O 
As c but uncorrected value 15*63 cm 
As c but uncorrected value 9*09 cm 
As c but uncorrected value 5*57 CI 
As c bat uncorrected vrhe 9@37 c8 
As c but uncorrected v&e 6.43 a 
As c but uncorrected value 4.04 a 
Nationat Carbon Co. of* Wrica Type C-18 graphite, 1.0 ppm 8 
As c but uncorrected value 1040 CD 
Component density not rverege ~01’8 demlty. 



EXPERIMENTAL RESULTS FOR SINGLE UNMODERATED Pu CORES 

Table 2.7 

Unreflected Cylinders of Plutonium Metal 
Diluted with other Materials 

References: 4.12 

Plutonium: Pu240 content -5 wt;i: 
Also contd ined -1.0 wt% gallium 

In these experiments the cores were assembled from alternate layers of 
plutonium and the diluent. The ttCcknesses of the repeated layers are noted 
in the Table as well as the average composition of the core. The plutonium 
layers were built up from 5.934 in. dia. x 0.123 in. discs each enclosed in a 
nickel can of outside dimensions 5.967 in. x 0.135 in, The diluent layers 
were built up from 5.967 in. dia. discs nominally i in. or i in, thick, For 
ease of comparison with the experiments noted in Tables 2.8, 2.9 the material 
average densities and the height/diameter ratio computed for the core were 
based on a core diameter of 6.00 in. 

All cores were divided into two halves by a 0.015 in. thick stainless 
steel diaphragm which supported tie upper half. The lower half rested on a 
light alminium support to minimise incidental reflection. 

OILtENT 

Non. 

Deplotod Uraniun 
(0*28 ut% u"') 

TYP 301 
Stahl088 StmL 

lhorlm 

VOLUkE %I 
PLUTofuUM 

Plutonhn DIluent Plutoniun Dlluent 

1 
91.1 - lb27 - 

63.0 t i 9.83 5*97 

62b7 t 1 
a' 9*78 2*50 

62*7 t Ii 9*78 3*62 

NlckeA 
Cladding 

(See notm 
prefacing 

Tablo) 

Height 
(h) 

0.65 

0.15 

od5 

od5 

7.32 

745 

Height hraa T DlUR@tW bw) 



Table 2.8 

cyllnder~ of Plutonium Metal Diluted with other Yaterfals and Reflected by Depleted Uranium (0.3 rtl U2351 

Reference: 6, 12 
Plutonium: Purr0 content - 5 ut I 

Also contained - 1.0 wt 5 gali lum 

In these experiments the cores were assembled from aAternate layers of plutonium and the diluant. The thickness of the 
repcatcd layers are noted in the table l s well 8s the average composl tlon of the core. The plutonium Aryers were built up  
from 5*93t in. dir x 0.123 in. discs each enclosed in a  nickel can of outside dimensions so%7 in. x 0-13’7 in. The diluent 
layer6 were built up from 5.967 in. dia discs nomlna1ly b in. or ) lh thick. All cores were l ncAosed in a  O*O) in. thick 
rtrlnlesa steel guide sleeve and the material average densities and height/diameter ratio computed for the core were bard 
on 0 core diameter of 6~) in. to include the reflector clearance. 

CCRE DELAYED CRITICAt 
CORE PARAMETmS 

DUuent 

Nominrl Layer Thlckncsr 
(14 

Average Material Dens1 tier (sm/cc) 

Voluaa 5  1  Height Yaw 
Plutonium Nl ckel Classing (in4 (k94 

Plutonium Di luent Plutonium Dlluent (See note9 
prefacing Tab1 8) 

1  

2 In. Thick Reflector 

Non0 

Void 

Dephted Uranium 
toe28 rt 5  W)) 

Type 25 Aluminium 

Type 304 
Stahlem Steel 

ThOritJr, 

904 

64.0 

Aa*7 

62*2 

47*8 

62*3 

4&O 

62*5 

474 

62.4 

48aO 

- - lb18 - 0*6S I*72 0.29 1145 

f b 9.97 - 043 3*29 035 15@05 

b  b  740 - 09s 6-43 le7 22*4 

9971 5*95 045 2.92 0*49 13.0 i b  

b  i 746 9*03 0% 4+6 0.76 IS*6 

f b  9.72 044 04s 3.23 o*s4 144 

1  0  b  749 le28 O-34 s-70 046 19.9 

f t 9*7s 2.51 0*43 3.15 0.525 lb1 

i i 7-43 3  l 7a 0% ma 0.93 19*0 

1 . t 9*7t 3.63 04s 3.29 o*s5 lb7 

b b  7*t9 5.5s 0.34 6.02 l*oO 20.65 
1 . 

4-S in. Thick Reflector 

None 91@4 t m  vi*26 * 0m6S 142 0*2c 9*3 

Void 63*7 f b  9*95 - 0  4s 2-39 043 1143 

49a b  b  ?*6S - 0*3s 446 0.74 15.7 

32.7 ! L  541 - 0.23 12.04 241 30.1 

Depleted Urrnium 6, aa 
(0*28 rt s U”‘) 

t b  9-65 5-88 0-U 2dO 040 roe6 

47-5 b 1 7-42 9*oa 0% fQ2 0.62 12*65 

32*4 b t 5.06 12Gt!J 0.23 7.99 I*33 m55  

Two 25 Aluninium 62.5 i ! 9a7s 044 04s 2*s0 0.43 l le55 

47.5 b 1 7.42 1.27 O-34 4% 0@72 144 

b i 
f 

324 5.05 I*75 0.23 1142 lgo 264 

VP. 3oc 60.6 
Strbbhsa StwA 

I 1 b 9.46 243 044 2+9 Od3 11*2 

47.5 b  i 742 3.81 0*34 4.26 0.71 14-5 

. 32.3 b b 544 5*14 0.23 10.47 1*83 25.3 

ThOritJm 62.3 1 b 9*75 306s O-45 2.62 0-U 1W 

17.7 b  b  744 5*s5 0*3c 441 0*75 lS4 

32.5 t f 5*07 ?=70 0.23 12a 2.15 30* 
L * 
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Table 2.8 [Continued). 

ODRE DELAYED m1T4cAL 
WRE PARAYETBS 

I 
Nornina Lryer fhiCkDeSS 

04 
Average Material Densities (p/cc) 

DI lucnt Volume S q Hclght Y888 
Plutonium Nickel Cladding (W VW) 

Plutonium Diluent Plutonium Dlluent (See notes 
prefacing Table) 

. J 
jl . 5 in. Thick Reflector 

. 
None 91.2 a 14523 - 0.65 197 0.23 845 

Void 63*5 t b 9.92 - w45 2*47 0*41 11*25 

484 b b 7.62 - 095 440 obrn 144 

32*0 b 1 4 542 - O-23 1030 1.76 24445 

Depleted Urrniun 62*6 4 b 9 977 5*94 0*45 2.31 0985 lo*35 
(0.28 wt 5 U”‘) 

47*7 b b 744 9.05 0.34 3*5l 0485 w95 

32.4 i t 5*06 12-77 0.23 7*29 142 l&9 ' 

24-6 b a )*81 1347 00 17 17.24 2em )oel 

typo 25 ALuminAurn 62*5 f a 9.76 044 045 2.47 041 1145 

da.0 ! 8 b 730 1*28 0.34 3.98 046% 13*7 

32*4 a ! 5mo5 1 l 75 0*23 9865 141 22m 

Typo m 62.5 4 i 9a76 2.51 0*45 2~43 O*hfB IO@9 
Strinhaa StwA 

47*7 i h 745 3.80 0*34 397 045 1345 

32.1 b f 5=01 541 0.23 9*49 14 21d 

I 
Tt~orkm 62*5 1 4 : 9976 3*63 0.45 P49 od15 lid- 

404 7*51 5*57 

I 

b b om34 44d 049 14*p 

32+ f t 5.07 7.49 0.23 10~03 leda 2545 



2.9 fable 

Cy]lnders of Plutonium Metal Diluted with other Materials and Reflected by Thorium 

Reference I 6, 12  
Plutonium 8 Pu2’0 content w-5 ut S 

ALSO, contained - l*O rt s gall ium 

In there experiments the core rare crrrembled frm alternate layers of pLutonium l rd ‘the dlluenta The thicknesses of the rupmrw 
layers arc noted in the table as -11 as the average composition of the core* The plutonium layers mere built up  from 
p93t in. dia 11 0423 in. discs each enclosed In a  nickel can of outside dimensions 5.967 In. x 0.133 In. 
were built up from 5.967 in. dir discs nominally b In. or ) in. thick. 

The diluent layma 
All cores were enclosed in 8 OQ) In. thick stain- 

less steel guide sleeve and the a8terirl rverrge densities and heightfdlantter ratio computed for the core were based on a  
core dlaancter of 60  in. to Include the reflector clearam-. 

-- - e-e we  

(3011E DELAYED CSITICAI, 
4 

ml? PARAM~ERS -m-e 
Womin8i L8yer Thlckners Average Material Densities (q/cc) 

Dl Iuent Volume I (W 
PIutonlur 

Height 
Nickel Cladding uns 

Plutonium Di luent Plutonium Di luent (See notes 
prtf acing Trble) 

h 

3 In. fhlck Reflector 

None I 914 j I - I l&25 - I 0.63 

Void 

-~ 
Type 25 Aluminiun 

) lhorlum 

--7  045 

5*29 - l 9*01 

045 

oqb 

231 04s 

4.01 0.36 

343 

SeSb 

o*cs 

0% 

2.25 1  0975 I Ue7 

3% 0~65 

I I 

W 6  

6.55 1~9 22.2s 

b-46 0.76 I I 3oQ5 

1045 1*69 3b9 

4e32 Oe72 I I 19d 

’ u*so 142 30:6 

b*5 In. Thick Reflector 

None 91*6 b - lba3) - 046 262 044 1345 

Void a,*9 i 1 9*97 - 04s 3+9 045 l&2 

4a4 i ~, i 7-62 - O-35 8*36 l*J9 29*2 

Dephtd Ur8nha 62*5 9975 Mb 0*45 3u o*s7 
(0.28 rt 1 P”) 

1 i l5*3 

47*7 i j 745 9a6 0*3b Se52 Oa92 l&9 , 
type, 25 Aluninhm 63e1 f b  9e8S 04b 0*45 3.68 045 17*5 

(7.8 b  b  746 1.28 O*% 7e3s las 25*15 
I ., 

VP@ mb 63.1 t f 9*85 2.52 0.45 3.74 042s 16*9 
strin1ma Steel 

b’W  i t 7m39 3*n 0% 608s 144 23.5 1 
Thorium 63eO f t 9983 3.67 045 3% (~65 17@55 

1  I 47.9 1  i f i 1  7.47 1  Se52 1  0% 1 7.35 1  1.225 1  25*2* 

7  l 5 in. fhlck Refkctor 
1  1 

None 92@9 t  m  lb*so *  046 1.92 Oe32 12.75 
L I 

Void 63.7 4 t 9*9S - 0.45 3em oe63 l7@35 

I I b9Q I i 1 h 1 745 1 - 1 0.35 f 7% 1 142 1  25*75 1 
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OORE 
DELAYEO CllITICAL 
CORE PARAMETERS I 

t 1 1 

01 luent 

Nomtnrl tayer Thickness 
UnS 

Average Material DwWties (g&c) 
Volume $ L 

PllJ toniurn 
Nickel Cladding 

Plutonium Di luent Plutonium 01 I*Jent (See notes 
prefacing Table 

Height 
UN 

7*3 in. Thick Reflector (Continued1 

Depleted Uranium 63.5 1 
(0.28 rt s U”‘) 

4 

A7*5 A 

32*4 b 
, 

Type 25 Alumhim 63*7 f 

104 : 

I i 
t 
t 

b 
1 

! 
b 

5.99 

944 

12*2? 

9*95 

7@59 

9.91 5.99 

7*42 944 

5-06 12*2? 

9*95 0*85 0*85 

7@59 1-X 1-X 

9*76 2.50 

7943 340 

942 3.63 

745 5.52 

045 

oa35 

045 

0*34 

ThOritJm o-45 

0.34 

3*23 0% 

546 046 

13.26 2a21 

3.61 

6.55 

3*58 

6933 

3.69 

6*70 

0.60 

146 

0*615 

143 

16a0 

21.55 

16.6 

23.2 
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Figure 2.1 Fi,“ure 2.2 
(See Table 2.6) 



CHAPTER 3 - SINGLE Uz35 CORES MODERATED BY DEUTERIUM, 

BERYLLIUM OR CARBON 
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EXPEhIMENTAL RESULTS FOR SINGLE U 235 CORES MODERATED BY DEUTERIUM 

Table 3.1 

Heavy-water Moderated Spheres --Highly Enriched Uranium 

Reference l 
0 1 

Fissi le Solutions : Fissile material, UOzF2 at 90 wt% enrichment 
Heavy water, 9906-9908 mole $ D20 

Spheres : 0.04 in. thick stainless steel 

Reflector : 99.0.99.8 wt% D20 in stainless steel vessel 

The correction to pure heavy water is said to correspond to -1% increase in 
critical volume and mass 

1 

CORE DELAYED CRITICAL CORE 
PARAMETERS 

1 REFLECTOR c 
Specific Solution D/U 235 THICKNESS 
Gravity Concentration Atomic (in.) Diameter Volume 

$35 

of Mass 
(gm U235/litre) Ratio (in.) 

Solution 
(lit=) (kgm) 

- 679 34a2 10.7 13*5 2oe9 14b2 

- 443 53.7 IO.2 14.5 26.1 II a6 

- 302 81 02 9@7 15*5 31.7 9.6 

- 185 135.3 9.2 16.5 38.1 7@0 

L 104 243 8.7 17.5 45e9 4e8 

- 60 431 ae2 1g05 534 3@2 
I 
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EXPERIMENTAL RESULTS FOR SIXGLE U 235 CORES MODERATED BY DEUTERIUM 

Table 3.2 

Heavy-water Moderated Spheres - 1942 wt% Enriched Uranium 

Re.ference . . 2 

Fissile Solutions : Fissile Material, UO2SO4 
Heavy water, 99*75 wtk D20 

Spheres : Type 3s aluminiup; fitted with three sleeve tubes for 
insertion of control rod, neutron source and neutron 
detectors 

Reflector l 99.75 wt$ D20 . 

CORE DELAYED CRITICAL CORE- .- 
PARAMETERS 

Y I REFLECTOR L 
Specific 235 THICKNESS 
Gravity Solution D/U 

of Concentration -Atomic Diameter Volume (J235 

(gm U235/litre) Ratio ( litre) Ma&s 
Solution 

- 15.96 - 48.5 -aPb 73.0 a,b -apb 
a--/ " . ..r-r--v 

- 13a96 C - 48@5 - 75e5 c 2 

- 7.28 - 42.0 -aPd 142.1 apd -apd 

- 3.84 - 35.0 -ape 262.1 ape -ape 

a. Sphere lined with polyethylene 

b 0 k eff after empirical correction for sleeve tubes and flange 1~~3 at 
15.62 gm U235/litre 

c. Sphere lined with epoxy resin 

d 
l 

k eff after empirical correction for sleeve tubes and flange 1 l Ol08 at 
7@& gm U235/litre 

e. k eff after empirical correction for sleeve tubes and flange 1.0105 at 
3.60 p u 235/litre 
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EXPER!!‘&TAL RESULTS FOR SINGLE U235 CORES MODERATED BY DEUTERIUM 

Table 3.3 

Unreflected Heavy Water Moderated Cylinders - 
Hiqhly Enriched Uranium 

Reference : 1 

Fissile Solution : Fissile Material, U&F2 at -90 wt% enrichment 
Heavy water, -99 mole % D20 

Cy 1 inders : $q~~nr;h~;ke:tainless steel; fitted with a central axial 
I tube penetrating the full length of the 

cy 1 inder 

The correction to pure heavy water is said to correspond to 2-3% increase in 
critical volume and mass. 

REFIXTM fH ICICYESS DELAYED CR I RCAL CORE 
I . 7 1 

Specific Sob ion D/U2” = 
Crrvity of Concentration Atomic Bottom TOP Walls Dimeter Height Hoi ght U219 

(QI u”‘/litre) On.) ( (in.) (in.) (in.) 1 in.) volune Yasr 
SoAution Ratio Dimetm (Q?d 

I . . ! 1 I 

I 
I I 

- --- - 1051 _- -a 
19% 

h 
10 8*5 b 

I I 
9.67 12.5 124 - a 25 51 

- 595 39m1 10 7 c 8.92 rt 134 - - a.11 
t 1 

a. No correction for Ha0 in heavy rater 

b. 0.9 in. thick void above solution 
C. 1.1 in. thick void above soiution 



EXPERIYEMAL RESULTS RR SINGLE U”’ CORCS y)oERAIED BY DWI’ERIW 

Heavy-ter Moderated and Reflected Cylinders - Highly Enriched Uranium 

Reference 8 3 

Flssile Solutions t Flssile Material, UO2Fa at - gdF/Litre and 95.45 enrichment 
Heavy water, 99.3 mole, ( 0~0 

In these experiments the fissile solution was contained in 1-m in. OD tubes of Type 2s aAuminium, wall thickness O*W5 in., bottom thickness k in. These tubes 
were suspended In l square lattlca arrangement from the cover plate of a 10 cm diameter tank filled with heavy water. 
fissile solution was provided by 1.25 in. OD aluminimr insert tubes, wall thickness 0.035 in., bottom thickness k in., 

Reflection to the tap surfaL af the 
filled to a depth of 9 in. with heavy water. 

Also suspended from the cover plate of the reflector tank were a number of void control rod thimbles penetrating the upper reflector and the fisslle region of the 
system but not the lower reflector, These were 2s in. 00 and were fabricated in i in. thick aluminium. The ‘as measured results renorted in the table were 
obtained in experiments with a single control rod thimble remaining in the system. The ‘corrected’ results correspond to situations in which this remaining 
thimble has been removed and were obtained by extrapolation from series of measurements with varying numbers of thimbles. I 

00RE REFLBCTOR THICKNESS DELAYED CRITKAL CORE PAPAMETERS 

U2” Mass U2” Density Average WALts AS MEASURED CORREZTED 
Lattice Averaged Over 

D4J2,5 
1 

Per Fuel I v 

Tube PI tch A  Unit Cattic 00 t tom TOP Height 
Cell Atomic Ratio As Measured Corrected Diameter a Height a / Vt3iUT13b 

(Jw U2'5 

Mass DLametcra Mass 
(9) (4 (gm/litre) (approx- ) (4 (cm) (4 (-4 (4 (cm) 

Diameter (litre) (kqn) (cm) (kgm) 

4se4s 8.43 10.21 2,500 20 62 49.8 so*2 dz.4 624 - 88-5 @904 41.4 0.869 

4%5 11.92 540 5,ooO 20 62 01 1045 614 62.6 - 187 0*9545 wt? O-930 

73e57 lb86 2e54 10,ooo a 62 294 304 82.4 101-5 - 541 1.374 80.8 1*323 
I 1 1 A  

l . Ca lculrted from 2 Critical Volune 
Height x R 

b. Calculrtd fra 



EWERIMEXTAL RESULTS FOR SINGLE ‘J 233 CnRES MODERATED 9Y DEUTERIUM dv 

Table 3.5 

Heavy-water Moderated Cylinders with Graphite Reflectors - 
tiiohlv Enriched Uranium 

Reference a 0 L 

Fissile Solutions : Fissile Material, UOzF2 at 93.65 wt% enrichment 
Heavy water, -99 mole % DzO 

Cylinders : Stainless Steel: 
bottom thickness 

& in. wall thickness, i in. top and 

Reflector : Type CS-312 graphite, density 1.67 gm/cc 

DELAYED CRITICAL PARAMETERS 
SPECIFIC SOLUTION D/U2’5 1 

. 
I 

GRAVITY OF CONCENTRATION Atomic 
SOLUr ION (w U235/litre) Ratio Diameter Height 

(4 (cm) y [y%) i::: Diameter 1 L A I 
SYSTEMS WITH lin, 0.0. STAINLESS STEEL GLORY HOLE TUBE 

, . . t 

- 1094 230 31m6 71 45 - 223a8 - 
- 61 00 419 31 06 78*7L - 246@6 - 

1 , 
SYSTEMS WITH 1: in. 0.0. ALUMINIUM GLORY HOLE TUBE 

,  I  

e 30.1 856 38.1 6la9 - 278.0 - 

- 30.1 8% 384 60.83 - 2764 - 

- 124 2081 38.1 84e7 - 385e8 - 
I I I I I I I I I 



EXPERIMENTAL RESULTS FOR SINGLE U “’ CORES MODERATED BY DEVTERIUM 

Table 3.6 

Heavy-water Moderated Cylinders .- 45.5 atomic $ Enriched Uranium 

References : 5,6 

Fissi la Solutions I Fissile Material, UOaFr. 

Heavy ua ter) 39.83 mole %  DrO. 

Cylinder 8 Stainless steel1 height 7 ft, wall thickness 0.081 in; restlng on a 1 ’ in, thick 
steel table and f!t:d with a central, mfal f in. O.D. stainless steel T ube, ml1 
thickness 0805 in., penetrating the full height of the cylinder, The top of the 
cylinder was coverti with a f in. thick stainless steel plate with fittings for 
8ncll lary equipnent. 

Reflector Geometry # A tuelvs sided graphite armulrrs 152*4 cm across outer flats, 18.35 in, thick rnd of 
approximately equal height to the fissile solution. Only the core urllr zero 
reflected, ?ha top and bottom being unreflected. 

OORE DELAYED CRITICAL 00RE PARAM- . 
1 REFLECmR I 

Solution Sped fit HEfGif Diameter Height U’S9 

Concentration Gravity of D/U”’ a vo ha8 Mass 
(gtn U”‘/li tre) Solution Atomic Ratio (4 (cm) (4 Diameter 03d 

- 1440 1939 64@5 3@36 49.53 - 203@26 2.699 

0 lo133 2515 74.7 74.56 - 217.82 2.234 

0 1*130 2% 79.2 81.03 - 236*63 2aO48 

- 1*126 3580 89.4 89.12 - 260.16 M m  

- 1.123 4146 99.1 99@47 - 2m.25 lga 

- l@lao 5183 123*9 121*67 - 354@83 I*769 

- Ml9 56% We5 137qo - 0.95; I.832 

- Ml9 6035 153+ 152*94 - 449% lo911 

* Ml7 6543 183e4 17948 - 521d2 2.059 

- Ml7 6722 1935 192.13 - 560.14 2*1S4 . 
L I 

a. No correction for Hfi in heavy water, 
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EXPERIMEBTAL RESULTS FOR SIYGLE U “j COR5S MODERATED BY BERYLLIUM 

Table 3.7 

Beryllium Metal Moderated Cores 

Reference t 74 

Uraniun enrichment 8 934 ut 5 

Reflector : All cores nominally unreflected 

These systems were assembled at the centre of a 6 ft cube matrix fotmd by stacking together 3 in, 
square section Type 2s aluminium tubes, wall thickness 0.047 in. Matrix and core were divided into 
fixed and movable halves, (see Fig. 3.1) 
Core elements were built up from alternate 2-860 in. dia. x 0.01 in. uranium discs and beryllium 
layers of the thicknesses shown in the table and made up of 2g in. square x 1 in. blocks (average 
density I.86 gm/cc). The elements were held together by a 2, in, dia. alucninium (stainless steel in 
the case of control and safety elements) skewer passing thrk!gh a 0496 in. dia. axial hole. 

The Table also shows the average composition of the core. 

VOLUME g COMPOSITION , BERYLLIUM DELAYED CRf TICAL PARAMETERS 

LAYER Be/U2” 
I r 

Area Thickness a Thickness 933 
Uranium Beryllium A 1uminium Stainless Steel Void THICKNESS ATWIC RATIO Mass 

Un.) (in*) (in.) ,r- Area owl 

0.64 90.60 6e IO o*oL: ze 62 1 390 21.0 21.0 b 23.3 b b x - 18a3 b 

a. i.e., parallel to the length of the core elements 

b. keff l*O054. Critical with control element D (see Fig. 3,1(a)) withdrawn 3.7 in 

c. One outer row of elements quarter-sized, i.e., 16 in. square. keff 14OaO. Critical with control element A 
(see Fig. 3.1(b)) withdrawn 2*25 ins 



EXPERfMPIfAL RESULTS FOR U “’ CXMS WDERATED BY BERYLLIUM 

Table 3.8 

Beryllium Oxide Moderated Cores 

References I y, to, 11 
Uraniun Enrichment I 93.2 wt %  

In these experiments the cores were assembled from alternate layers of uranium and berylliun oxide, I%@ 
thicknesses of the repeated layers are noted in the table as well as the average composition of the core* 
the lowest layer (beryllium oxide) being half the norm1 thickness. 

The uranium layers were built up from foils 5.25 in. square, nominal thickness either 0401 in, or O*oOs in. 
each foil being coated with O-32 gm wlytetrafluorethylene (atomic composition CF;t), The beryllim oxide 
layers were built up from nonins 1 6 in. square x 1 in. blocks (average weight 1690 em* density 246 q&c, 
thermal neutron absorption cross-section 7 f 4 mb.) 

A reflector of NatIonal Carbide Co. type AT3 griphite (density 1.73 gm/cc; 14.4 ppn B) was us& only the 
top ad battom surfaces of the core parallel to the layer structure being reflected. The nonrirully un- 
reflected systems were support4 on a 4 in. thick aluminiun honeycomb (average density 09 &cc) coverod 
by a 0.02 in, thick layer of cadmium. 

. 
OORE 

1 
DEIAYED CRITXCAL CORE PARAMETEM 

b 
Layer Tiiicknesseu REFLECTDR 1 Average Thlcknes~ 

kanim Baryllium Y”’ Density 
Be/U’)’ 

Atomic Rs tio THICKNESS Area Thickness Mm* 
Oxide 

(gn/C~) 
\J-- Are* 

(h ) ( fn.) (in*) (h 1 -- r 
Pm8 1 0~109 247, Unreftected 24 x 24 2oe2 - 0 

0401= 1 040702 3830 36 x 36 22*9 - - 

04202 2 36x36 24.2 - I, 

04301 2 36 x 36 22m 7 - - 

oem2 4 36x36 24a2 - - 

O*ool b 1 oao351 7660 36 x 36 36*2 - a 
-- 

1 a*109 247 6 in XX21 15.8 - - 

18 in 21x24 14.2 - - I 1 

a. Half-area folk (triangdar) 
b, Quarter-area foils (triangular) 
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EXPERIME’JfAL RESULTS FOR SINGLE U “’ CORES MQDERATD BY CARBON 

Unreflected Graphite Moderated Cyllnders 
(See also Table 3.16) 

Reference ! 12 

Uranim Enrichment t 93.3 wt% 

In these experiments the cores were essembld from alternate layers of uranium 
and graphite. The thickness of the repeated layers are noted in the table 
8s well 8s the average compaition of the core. The uranium layers were built 
up from 0*3 cm thick discc;. 

I 
T 

LAYER THICKNESSES 
AVERAGE MATERIAL DENSf TIES 

kid=) 
DEMYED CRITICAL PARAMETERS 

1OLUME $ r , T C/u’> Y 
JRANIUM ATOMIC RAT10 U’S9 

Uraniun Graphite 
Height 

1 1 ( ) Uranium 
Height Mas8 

cm an Graphite 
(Ano) iTGz hP) 1 

15 in. dia Cylinders 
7 1 1 

06.0 2.4 04 15.56 00 222 - 3.67 0.245 ,34e3 
a2*2 1.8 O W  ibe78 00 282 - paa 0.258 155@0 

79@2 le5 O*@ l&28 Ob330 - 4aoo 0.267 154.7 

75.5 1.2 04 13.97 0.399 - 4.14 00 276 156e3 

69e7 0*9 0@4Q 12*70 o-v35 - 4.54 0.303 156eo 

fn@7 0.6 0.0 11.06 oe631 - 5-23 0.349 156.5 

53e6 0.9 040 9*97 0*75t3 - Se86 oa330 157e7 

43*5 0.3 0.0 a.07 Ob 921 - 74 oa 499 163.1 

33.8 oe6 140 60 22 1 a075 - lOC!4 0.603 172.3 

28.0 0*3 oeao s 5e26 1488 - 13.61 0+08 w3e6 
A  . 

21 in. dia Cylinders 
. 

47*7 0@3 00 32 8.9: 0*330 - 546 0.260 267 

31-a @3 oa64 5*97 1423 - 7.81 0.372 2a 

23e7 0*3 oa35 QU lbuS - loq3 0.499 258 

19.00 om3 la7 3.56 - 
I 

la345 13.08 oe623 258 

15@79 0.3 la59 2.96 1.392 - 1649 0.785 263 

l3@53 oe3 1.90 2*54 I*/,34 - zbl oa 958 274 

1149 0@3 2m 22 2.23 1 l 467 - 23.9 1438 292 

lob47 @3 2°5d 1.965 1 l 54o - 28.3 I.345 303 

9w 0.3 2.86 1*7x 1.551 - 36.4 1.734 350 
h 
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EXPERIMENTAL RESULTS FOR SIlJGLE Uz3j C13RES MODERATED BY CARBON 

Table 3.10 

Graphite Moderated Cylinders with Non-moderatinq Reflectors 

Reference : 13 

Core : Uranium enrichment 93.2 wt e 
c/uz35 atomic ratio = 2e73 

These experiments were performed on a vertical approach machine. The cores were 
assembled from alternate 0425 in. thick uranium discs and graphite discs and 
the reflectors from 0.375 in. thick discs, the reflector discs being machined to 
OQOO~ in. flatness. Core and r,eflector formed a 15.0 in. dia. cylinder, the 
core being reflected on the lower end only. 

The reflectors contained 27 discs and were supported, together with the lower 
part of the core containing 9 uranium discs, on a low mass aluminium cylinder 
attached to the lift. The remainder of the core was supported on a 0*019 in, 
thick stainless steel diaphragm. 

A series of reflectors consisting of a single material or of two materials at 
-25 wt 5 increments was investigated, (see Figure 3.2). Results indicated that 
any effect introduced by the non-homogeneity of the reflectors was within the 
total uncertainty of the critical mass measurements (A 0.3 kgm), 

I 

DELAYED CRITICAL CORE 
REFLECTOR AVERAGE 

COMPOSITION 

PARAMETERS 

Height , Mass 

(vol 3) 

Mild Steel 
Stainless Steel 

Nickel 
Zinc 

25*9!? Mild Steel 
74.H Zinc 

@2!? Mild Steel 
5143 Zinc 
7401% Mild Steel 
25.95 Zinc 

Height / 
Diameter 

- - 
- - 

- - 
- - 

3 - 

- - 

- - 

(kgm) 

l3+9 

136.0 

133*6 
137.0 

136eo 

136.2 

137*3 

250% Stainless Steel 
'7401s Nickel 

514% Stainless Steel 
@*2? Nickel 

74.14 Stainless Steel 
25-S Nickel 

- - 133.4 

- - 133.7 

- - 134.2 
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Those systems WI* assembled at the contn of a 6 ft. cuk mtrir formed by stacking together 3 in. squrre section 
Typ8 25 rlwhhm tubes, ~11 thickrw8r O*oC7 in. Hence, both core ad reflector contain W165 &cc rluminiuo 
(8verage) 0 

Cor8 elements wro hilt up fta 2.9 in. I 16 in. plate% of Typo Cs graphite interlervti with utmiur foils either 
0*002 ot 0405 in. thick. The Tablo shows the rverago corporitlon of the core. 

fh8 reflector8 contained 8~11 gurntltios of graphit a8 wall as beryllium and may be soocified as l number of 
meparrte r8glons (988 Flguze H(a)). DetriAr of l rch region l 8 gh8n scprrrtoly In the frblo. 

f 

. 
I T DELAYED CRIlICti CORE PWRERS REFLECfOR (Sea notes, prefacing Table) OORE 

T T T (b) CARBON (4 CARBON (d) BERYl.LIUU (a) m?YlLIlm A*reragt 
Dlamttcr 

(cdd 

Average 
C&bon 
Density 
hP!lcc) 

WJ 
Atomic 
Ratio 

Height 
Diameter 

YJSS 

P9m) 

S7-frb 

57~sb 

Average 
Density 
b/c4 

Thicknesr 
(4 

Average 
Density 
(gnclcc) 

Averrgo Averrg8 
Density Thickness 

(-1 
Density 

(9dc4 (99/cc 1 

Average ’ Averrg* 
Thickness Density 

b) (&cc) 

-t 

124 l-65, 

13*7 1.65 

Thickness 
(4 

Thickness 
(4 

P-2 

10-l 

2.54 

2-54 

1 a, 

142r 

10.1 

10.1 

-b 
b 

. 
ad 

3 

116 142, l-02 

142I 1 l 02 142r 
-- 

l-41 12*81J 76.2’ 351 23-65 1 1-66 2% l-41 I 2% 141 NiLb XI-32 

20-32 ?6*2 d 16-69 
d ’ 1*42 354 1.42 I 2*54 l-42 10-15 

’ l*C2, 368 12.9 1464 

2*54 

2% 

I.290 lC@O 1-651 2-54 

30*Sb 

30*ob 

1 l & 

1-o 

11947 d-la 
1 

7*60 
(against 

core) I 

3 22 1 
Graphi tt 

B-53 

1*42 

?WCb ,b n1 12.8 I l-66, 2.54 l-)08 1 Nil 

w12= 81-28' 3203~ 

61-12c 81-28' 32-3’ 

81-12’ 81 l 2ae 320 P 

1791 

17-4 b, 1 

3434 l-66 

1*66 

1*66 

Nil 

Nil 

Nil 

Nil 

Nil 

23.03 
Graphite 

9-76 

13eO8 

2740 
(rgahrt 

I I 

con) 

5 l 35 
Grrphl te 

m  
. 

- 

- 

1% 

eb 

,b, f 

932 2-54 

2% 

9.76 

936 

12a 1*6u 

12q la4 

Evrlurted on rn l qbahnt are8 basis. See FQure ).3(b) for cror%-s8ctloful g-try 

b. Uranium foils Oa2 in. thick up to 17.5 kgq kyod rtrich OQ5 In. thick foils Intamlrd 

CO Paripbrrl kryllhm l tmd8 4 in. beyand core 

4. O-002 in. thick fob only 
8. 0-5 In. tbtck fOU8 only 

f. Chm~e tn k8ff of -1P c8nts 88tiut8d for cbango to O-005 in- thick foth an thi8 sy8ta fra subridiary l xp8rimnts in dlcb - 18 of the foils ~18 ch8-d 



Graph1 ta Moderated ard Uef 1 ccted Cvll ndert 
(See also fable 3.15) 

In these l rperimnts the cores uetm rsrmbled fro-n alt+tnato layers of uranium and graphite. The thicknesses of the 
rape8ted I8yera r)ro noted in the table 8s reil 8s the average conrporltlon of the core* 

. 

mE REFLECKSI DELAYED CFIITICAL aIRE 
PARAMETERS 

1 1 

Urrnlun Layer thlcknmws Awragc Yaterirl REFmNcEs 
VOIUV II Densities (gm/cc) C/U”’ Thick- Av’rr90 Height U?Mur 

Enrich- Utaniur, Atomic MS@ 
nent yztc”; (In.) HI@. 

(ln4 (k!H . 

10.50 ln’. dir Cvllnckr~ 

934 38 l 7a @)15 In' 095 In’ 7~29’ l*Od’ * 2*00 1*6U 741 - m7eo 16 

*a l 1.0 In’ b52’ w7’ - * * * 67+0 16 

*’ ’ 2*0 LRI 2057~ l*ua - p 67*38 16 

934 *a 043 in’ 0.5 in’ 10*51’ o.758 - 2400 148 449 09402 624 f6 

38 l 7a a 1.0 In8 7m8 l*O)’ - 749 - 78*3 16 

0’ ’ 2-O ina 4+2’ l*JOa - * * 67@30 16 

934 654’ 09945 In’ 0.5 In’ 1293’ o*59a - 2GI l  . 0  

had * 1.9 In8 l  ’ O*%’ 

324’ ’ 2.0 In’ 

ma ,.,7a I : I ‘* ;;; ! xi /; 

a1 l  aq  

T 

93.3 b7*7 0.30 cm 042 cm 0*94 04) - tmb Ia7 3 o*ll2= 112.w 12 

314 044 cm saw 1.12 - 3 06185’ 123.3C’d 12 

19eo 1*n cm 3*56 lo)4 - S o*373c 14e4c’d 12 

139 I*91 ca 2.54 143 - 3 044 c 182#‘d 12 
1047 2.54 cm la% 1954 - 2 16 c 22ted 92 

94 2*86 cm I.77 1.55 - 2 l*fl c n6.0ced 12 

8.76 348 en 1 a62 1.57 - 3 2@10 c 377*6Sd 12 
1 . . 

8b typo S-312 grrphl te. Urrniun layerr bu!lt up from Oa315 In. thick discs. One fewer grrphite 18yerr than uraniw 
1 ayet 

b. Core reflected on l m9a only, core and reflector tom 2143 dir cyllndorr 

C. No corroctlon for O*Zll in. thick rtrlnlora steel dlrphrrgrr 8cross amdirn plrne of rssembly 

d. kgn U”’ 
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EU’iRIYENlAL RESUTS FOR SINGLE U”’ OOFIES KIDERATED BY CARBON 

Table 3.11 

ynreflccted. Graphlta Moderated Rectll lneat Parrlle!e~locds 
JAt l icvrted tcmpcratures.\ 

(Se. 81SO Table 3.15) 

References 8  17, 10, 19  

Uranium l nriclvnent I 93*2 rtl 
In there axperhentr the systms were assembled from alternate layers of uranium and graphite. The thlckmrser of the 
repeated layer, are noted in the table as well as the average cOqo8it ion of the core. 
The uranium layera consisted of O*W2 or 0*001 In. thick folk enclosed ln 8  O*ClO2 h  thick Type 347 rtrinlerx steel cm, 
l xt.rnaA dlmenslonr 9.25 In. II 2)*68 In. x  O*W6 in. or 0*008 \n. (average mass of uranlun par foil 123 gm or 246 v, 
averrg* ma98 of 8talrrleaa 8teel per foil 105 g+ The grrohite layers were built up  from 12 in. square x 1  In. or 2  In. 
blocks of Type CS-312 9r8phit. (density 1.63 &cc). The blocks were machined with a 0*035 in. deep, 9f in. ride 9roovo 
on on. face to l ccoaunodete the uraniua foilx and were pidrccd on either side of the 9roov. by 8  row of six 1  in. di8 coo1rnt 
holes, 9lvin9 an l vera9. graphite density for the systm of 143 p/cc. All dimensions given are room-temperature measure- 
ments. (The measured thwmrA l panrion propcrt\es of the graphite used are glwn in Fl9ure 3.4). The crlticrl thicknesses 
lncluda 2.5 in. for the contribution of the floor and 8  l$ in. thick base layer of ?48tionrl Carbide Co type ATt. 9rrphit. 
(density lb75 &cc) end low 1183s table on which the systems were supported. Remaining incident81 reflection effect% 8r. 
said to be equivalent to less than w f cm Charge in the dimensions of the crlticd syrtem. 
A 1  In. 00  l trlnlese ate.1 neutron source tube penetrated the centre of the ryrtem along the axis perpendicular to the 
layer rtnJctut.. 
The effect@ of neutron atreaming ia raid to be negligtble 80 far 8s the uranium fall grooves 1s concerned and l qAvrlent to 
about  a further s reduction in graphite density In the coolant holes. 

LAYS mrams DELAYED aITICAL PARAMETERS c/P ” 
ATOMIC 
RATIO Uranium Grdphi to At.8 

w 

Jhickneq 1  I w,-,--*-.-- 
I 

A Arrr 

0404 l I 0402 
1185 4x5 

(See Pi90 3.5(a)) 

4x5 0*004 4 2370 

7150 6x6 
0402 

/ 1 : 1  
(Sk 919. ,.5(c)) 

0*002 
0940 6x6 

12 1440 O-002 8X8 

m35o 8x8 

* * 79 
* 723 

* * lO@ 

: / : / 1 : 1  14 0402 

0  0002 18 21690 : / : 1  5: 1 
8. Extrrpo~rtd frm 8 lP5°F experiment 
b. This experiment has, in effect, an extra 2.41 kgm of Type 304 stainhas ate.1 per kgrr of uranium, not In the uranium 

* flux depression 
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EXPERIMENTAL RESULTS FOR SINGLE U235 CORES MODERATED BY CARBON 

Table 3.14(a) 

Graphite Moderated and Reflected Rectilinear Parallelepipeds 

(See also Tables 3.14(b), 3.15) 
References 8 12, 15 

Uranium enrichment 11 93.2 wt % 

Reflector 8 Thickness, 1 ft. 

Average carbon density 1.55 gn)/cc 

These systems were assembled at the centre of a 6 ft cube matrix formed by stacking 
together 3 in. square section Type 2s aluminium tubes, wall thickness 0.067 in. 
Hence, both core and reflector contain 0.165 gdcc aluminium (average). 

Core elements were built up from 2.9 in. x 16 in. National Carbon Co. Type Cs 
graphite plates interleaved with uranium foils 0401 in. thick. The Table shows the 
average composition of the core. 

r-- ~~ 
CORE DELAYED CRITICAL CORE PARAMETERS 

I T 7 
Average a 
Carbon c/v 239 Area Thickness 

UW 

Density Atomic Ratio (in.) 
Thickness . --. Mass 

(in.) JXFG 
(sdcc) (kgm) 

1.50 2538 40@0 x 33@0 33.0 - 84 
3369 40.0 x 36.0 36.0 - 7*38 
5297 48.0 b b b x 42aO 39.0 - 7.11 b 
7135 48.0 x 48~0 c 48.0 c C 7@44 c - 

1.34 2972 42aO x 40.0 d 39.0 d d 9.52 d 
4685 48eo x 45.6 d9e'f 48.0 dpe 4 e 9.07 d,e 

a. Le., norma to the length of the core elements 

b 0 Effect of self-shielding in the uranium foils estimated to be worth 4.658 in 
reactivity from subsidiary experiments in which a number of foils were replaced 
by 0402 in. thick foils 

c. Effect of self-shielding in the uranium foils estimated to be worth 6.66 in. 
reactivity from subsidiary experiments in which a number of foils were replaced 
by 0402 in. thick foils 

d . Graphite density reduced by removing one 0.54 in. t.hick graphite plate from 
each core element. Subsidiary experiments showed that this produced streaming 
effects which reduce the reactivity by 045% 

e. keff for equivalent homogeneous system said to be 1.0480 

f. Three extra 3 in. square tubes are averaged into this dimension of the core 
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EXPERIMENTAL RESULTS FOR SINGLE U “’ CORES MODERATED BY CARBON 

Table 3.14(b) 

Graphite Mdderated and Reflected Rectilinear ParalleleoiDeds 

(See aAso Tables 3.14(a) and 3.15) 

Reference I 20 - 

Uraniun enrichment : 93 wt 5 

These systems were assembled at the centre of a 6 ft cube matrix formed by stacking together 3 in. square section 
Type 2s aluminiun tubes, waAA thickness 044’7 in. Matrix and core were divided into fixed and moveable halves (ace 
Fig. 3.5) 0 

Core elements were built up from alternate 0.01 In. thick uranium discs and I in. thick layers of 
Union Carbide Co. Ltd. high purity nuclear grade AOOT graphite (04 ppm 6 average, OXV ut $ ash, density 
1.72 gdcc), made up of blocks ai ther f in., 1 b. or I in.. thick. In a larger type of element the uranium disc@ 
were 2.860 in. dir. (average mass 17.959 gm) and the graphite blocks 2 

A 
in. square and in a smaller type the dlrca 

were 1.430 in. dir. (average mass 4.490 gm) and the graphite blocks 1 in. square. Both types of element uera 
held together by I & in. dia. aiuminium (stainless steel in the case of control and safety eiementr) skewer 
passing through a 0496 in. dia. axisA hoAe in the centrc of each uranium disc or graphite block. At one l nd bha 
skewers were threaded into a 1 In. dia. x i ino aluminium disc recessed into the carbon and a stainhss steel 
clamp was applied at the other end. 

The Table shows the average comporition of the core, 

Only the sides of the core parallel to the length of the elements wore reflectadg reflector element8 zero l irilrr 
to the core elements but with the uranium omitted, 

The system specified in the fable was critical with one control eAement (see Figure 3.6) withdrawn 1044 in. The 
upper limit of stray reflection effects is said to be equivaAent to an increase of O~WO15 in keff. 

OORE DELAYED CRITICAL GORE PARMETERS 
4 v . r . 

VoAum II Composition 
REFLECTOR a 

, G/u 235 THICKNESS 
I I 

Atomic on4 Area Thickness 
(M 

Uranium Carbon Aluninium Stainless Void 
Ratio (in.) w & 

Steel 

m 8948 6a8 OaO3126 - - 3 45 x 45 &l m 41 l 515 
1 I 

I@ Le., normaA to length of core elements 
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In the original document, Table 3.15 appeared on a single foldout 
page, It is reproduced on the next 2 pages. In copying the first of 
the next 2 pages, it was necessary to reduce its size so all the text 
would fit on the long dimension of the page. 



FXPERIMENTAL RESULTS FOR SINGLE Uz3’ CORES MODERATED BY CARBON 

Table 3& 

In these 
average C 

exper iments the cores were assembled from alternate layers of uranium 
ompo s ition 0 f t he core. 

Miscellaneous Graphite Moderated Cores 

References : 15, 2 1 
Uranium Enri chment I 93.2 wt %  

and graphite. The thickness of the repeated layers are noted in the Table as well as 

The uranium layers were built up from foils in 5) in. squares or isosceles triangles, nominal thickness either 0401 in. or 0402 in. thick, each foil being coated 
with an average of O+2 gm polytetrafluorethylene, (atomic composition CF;r). The graphite layers were made up from 6 x 6 x ) in. squares and isosceles triangles of 
National Carbon Co. A.T.J. graphite (density le73 gqkc) with a 0.01 deep groove on one face to acconmodatethe uranium. The tablets in the first layer and at subse 
quent intervals of 6 in. were machined with grooves which reduced the average density over the 6 x 6 x ) in. profile to 1.03 gqkc. 

The systems were assembled round a cruciform control and safety rod guide of Type 2s aluminium. 
6 x ) in. penetrating the full height of the core. 

This consisted of four mutually perpendicular arms, external dimens 
The total cross-sectional area of void necessary to accommodate this ite;? was 124 sq. in., the extensions of the 

to the core edge being plugged with graphite plates. All the results reported in the Table are for the control rods fully withdrawn from the guide. 

Subsididl, experiments showed that the effects of neutron streaming through the porous carbon layers occurring every 6 in. was to increase the measured critical hei 
by 04 in. Incidental reflection to the nominally unreflected systems reduced the measured critical height by 0.2 in. In some cases two values of the critical hei 
are given, and ‘as measured’ value and a ‘homogeneous’ value corrected for the above effects, for the effects of the control rod guide void and for the effects of s 
shizfging in the uranium foils. 
c/u 

Appropriate corrections are again determined from subsidiary experiments. These values will refer to systems with slightly altered 
atomic ratios since the control guide void is assumed to be removable by filling with graphite. 

$hown to be negligible). 
(The effect 08 the aluminium guide in the control rod void i 



I DELAYED CRITICAL CORE PARAMETERS CORE 

REFLECTOR 
THICKNESS 

(Ina) 
Base 

Dimensions 
On.) 

Layer Thicknesses Average i<lterial Densities 
(944 

v 1 G/u 
‘olytetra- Atomic 

Uranium 
(in.) 

Graphite Uranium 1 uorethy- / 
(in.) Graphite ; Ratio 

lene 

$35 'HomogeneouS' 
Height 

Mass (see notes 
( k9m) prefacing Table) 

(in.) 

Geometry 

No Reflector 
-- 

-- 

C 

9 

1440 a Parallelipiped 

la645 a 

1.645 a 

1*645 a 

~645 a 

1 l 636 

600 Psuedo-octagon 

b636 1200 

Parallelepipea 
-cI--- 

Parallelepiped 

1.636 2340 Parallelepiped 

f -- 
2’ 

1 

42e50 x 42.50 
-I 

184 x 17.0 b 

24f x 17.0 b 

18) x 2!L5 b 

24) x 25.5 b 

48) x 484 

sgf x 48) 

149-7 

-112 c 

76+ 

79.1 

89*3 

82.3 d 
-- 

43.5 e 
8 

25.1 f 

44*4 
-- 

47*1 0*002 

oao2 

-- 

0.05345 

0*05345 

0*05345 

0905345 

0*05334 

oa2667 

0001>69 

-61 c 

42e3 

3843 

33*g 

40.0 d 37.6 

42a4 e e - 

- f 

40*3 

44*7 47e6 ' 
--- 

Twe C#W Beryllium Reflector (density 144 srrr/cc) 

Parallelepiped 3.0 g 4&50 x 36.50 4&l 0~01369 O*ooll la645 a 2340 

Odl369 oaO11 1.636 

0.01369 O@OOll  1.636 

45d 

34-5 

38@4 
-- 

6ao h 364 i i x 361 36.8 

6ao g 48; x 36; i 40.9 i 

Natural Carbon Co. w ATJ white Reflector (density .7*73 adcc) 

I I 
l&5 a I -600 .- I Psuedo-octagon . ---_ 1 6 h 1 b - .--I u.3 -- - (40-5 1 _ 

--t--+-- 

-‘I 25-3 j 
I 6 h 364 x 361 j 43@5 j 

9 48) x 365 k 42.8 k 

Parallelepiped 1 l 636 1200 

1 a636 

a. Not counting control rod vo d g* Core reflected on two larger vertical sides only 
b. i.e., dimensions a and b of Figure 3.8 
cm Gross extrapolation 
d. Critical height with only c ,rrection for control rod guide void applied = 3’7.7 in. 
e. Critical height with only c trrection for control rod guide void applied = 40.4 in. 
f. Srit!caI hdoht with only r ~rrmtion for control rod quide void applied = 44.8 in. 

h. Core reflected on vertical sides only 
i. Control rod guide 6 in. off centre 
j. Control rod guide6;/2 in. off centre 
k. Control rod guide off centre 



&a,4 dAF%tY ELEMENTS A, Bc:CONTROC ELEMIENtS 
IN MOVABLE HALF IN MOVABLE HALF 

s,a,l,8rsAFEtY ELEMENTS C,D r, CONTROL BCtMENTS 
IN CUED HALF IN FIXED HALP 

FIXED hALF MOVABLE HALF 

BERYLLIUM 8mCKS 

FUEL DISKS 

FIG. 3.1 (a) sE:E (TABLE 3.7) 



l&3,4 *SAFETY ELEMENTS 40 = CONTROL ELEMENTS 
IN MOVABLE HALF IN MOVABLE h&t 

S&,7,8 -SAFETY ELEMENTS C,D = CONTR6c ELEMENT8 
IN FIXED HALF IN FIXED hALF 

FUEL ELEMENT bElAIL(&/U~‘~lS6O) 

~ 24.06 in. MIN (40 In FUEL WAGING) 

f lXED HALF iu!OVADU HA’LF 

BERYLLIUM BmCKS 

q lmk&yER . 
FUEL DlSKs” 

FIG. 3.1 (b) (SEE TABLE 3.7) 



r,e, NEUTRON SO ESS 

DlAPHRACM 
URANIUM A DtAPHRAGM 

CAR80N 01 

AUJMINIUM SPACER 

FIG. 3.2 (SEE TABLE 390) 



CORE CROSS-SECTIONS 
(bl 

FIG. 33 (SEE TABLE 34) 



NOTE. 

EXPANSION lN VERTICAL 
DIRECTION (PARALLEL 
TO EXTRUSION AXIS) 

046 TIMES EXPANSION 
IN HORIZONTAL OIRECTION 

so 100 200 300 400 so0 600 700 
f (OF) 

800 900 coo0 PO PO PO0 
LINEAR THERMAL EXPANSION OF HOT BOX GRAPWlTE IN HORIZONTAL DIRECTJON, 70-T OF, (PERPENDICULAR 
TO L XTRUSON AXIS) 

FIG. 3*4 (SEE TABLE 3.13) 



(a) c/~3!118S, THE NUMBERS 
IN THE SQUARES GIVE THE THICKNLSS 
OF THE URANRJM LAYERS IN OOOOllN. 

8 8 8 8 8 8 8 8 8 8 8 8 
r r 

4. 4. 4 4 4 4 4 4 4 4 4 4 

8 8 8 8 8 8 8 8 8 8 8 8 

8 8 8 8 8 8 8 8 8 8 8 8 
I I 

4 4 4 4 4 4 4 4 4 4 4 4 
I  I  

8 8 8 8 8 8 8 8 I I 8 8 08 08 

(b) c/:)l, 760. THE NUMBERS 
IN THE SQUARES GIVE THE THUCNESS 
OF THE URANIUM LAYERS IN OeOO( I& 

JO 10 IO IO JO 0 
L I 

10 10 10 IO IO IO 
I 1 

5 s s s s s 
L I 

IO IO IO IO IO ‘IO 

(C) c/:‘s = 8940. THE NUMBERS rN 
THE SQUARES GIVE THE THlCKNESStS 
OF THE GRAPHITE LAYERS IN INUIES 

FIG. 35 (SEE TA8LE 343) 



l,d,SJ m SAFETY ELEMENTS IN A&, OrCONTROL ELtMtNTS IN 
MOVA8l.t HALF fIXED HALf 

2,46,& - SAFETY ELEMENTS IN B dONlROL ELEMENTS IN 
fIXED HALf MOVAlbLE HALF 

FIG 3.6 (SEE TABLE 3014 cb)) 



CHAPTER 4 - SINGLE Pu CORES MODERATED BY DEUTERIUM, 
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EXPERIMENTAL RESULTS FOR SINGLE Pu CORES MODERATED BY CARBON 

Table 4.1 

Graphite Moderated and Reflected Systems 

Reference: 1 

Plutonium: P~J~‘~ content 5.0 wt% 

In these experiments the cores were assembled from 2 in. square columns made 
up of alternate layers of plutonium and graphite (density 1.62 gm/cc). The 
thicknesses of the repeated layers are noted in the Table as well as the average 
composition of the core. The plutonium layers were built up from 1.788 in. 
square x 0*040 in. thick coupons, (weight 32.39 gm) each enclosed in a tin- 
soldered nickel can of external dimensions 2.0 in. square x 0.0622 in. The dis- 
position of plutonium in the core was chosen to approach as nearly as possible 
a homogeneous distribution and in particular to avoid continuous planes of fuel. 
The method of constructing the cores was to lay first a graphite base of 
variable thickness (recorded in Figure 4.1 for a number of cases) followed by 
the alternate plutonium and graphite layers. Critical height was then calculated 
according to the following convention 

Critical core height = 
4 x No. of Pu Coupons in Core (Thickness of one Pu layer 

Plan Area of Core (in!) ’ t 1 graphite layer) 

All assemblies were divided vertically by a gap offset 2 in. from the centre 
plane of the assembly and containing steel wires occupying -10% of the gap volume. 
The critical mass is given in two forms, “as measured” values and values which 
are corrected experimentally to allow for the effects of the gap. 

The reflector was in all cases an octagonal prism of graphite, external 
dimensions 57 in. across the flats x 52 in. arranged approximately symmetrically 
about the core. The reflector graphite was of two kinds, UKAEA Reactor Grade B, 
(thermal cross-section 402-407 mb, density 1.65 gm/cc) and a material of density 
1.78 gm/cc; the former accounts for the majority of the reflector but the two 
materials were mixed differently in different assemblies, and in some cases core 
graphite was also used in the reflector. The result of these variations is said 
to be that the absolute accuracy of the critical masses is + 3’& 

The effect of increasing heterogeneity was checked for C/Pu atomic ratios 
of 3.94 and 32.6; the results for the former case are given in the Table. In 
both cases the critical mass of the assembly was measured with the fuel coupons 
grouped in twos and in fours in addition to a single grouping. Extrapolation of 
these results to a homogeneous core is said to give critical masses larger than 
for a single grouping by 0085% in the C/Pu atomic ratio = 3% case and 0.6% 
in the C/Pu atomic ratio = 32.6 case. 
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EXPERIME:JTAL RESULTS FOR SINGLE Pu OORES KIDERATED BY CARBON 

Iable 4.1 (Cont’dl 

CORE DELAYED CRITICAL CORE PARAMETERS 
’ GAP L w 

Volume $ Composition Layer Thicknesses Aver age 
(in.) Plutonium C/Pu MOTH Base Height Heiqht Pu Mass (kgm) 

Atomic (in. ) Dimensions . \ Density 
Plutonium Graphite Nickel Tin Void Plutonium Graphite km/c4 

Ratio (in.) uno) \&iKz ‘As Measutedr Corrected 

5+8 0 38*6 3.2 7d o&22 Nil 7a95 Nil 0*130 4x4 6.58 - w36 - 

- 4x5 - - 12*9 

- 6x6 - - 13.5 
. -~-~. ~ ~~ 1 

34.0 33*1 25.8 2el 5.0 oa12u Oec625 5.32 1.97 - - 6x6 16*5 

25.6 49.7 1994 1.6 3.7 0.0622 0.0625 4.01 3.94 oa85 6x6 8dO - 20*5 19*75 
(See Figure 4.1(a)) 

0*12u Oel25 0@093 -6 x 6 8-59 20902 w57 
(See Figure 4.1(b)) 

0.2488 0.25 G9114 6x6 8*48 - 19*76 19.13 
(See Figure &l(c)) 

Oa622 0.0625 - 8x8 - 19-8 
(See Figure 4.1(d)) 

17.0 66*6 12.9 lel 2.5 cm622 0*125 2.66 8.10 0*025 8x8 8.24 - 22*73 22e6 
(See Figure. 4.1(e)) 

12.8 

13.2 

74.9 9.69 040 146 0.0622 oar75 2.00 12.02 0*05 lo x 8 9@59 - 24.86 24*7 

8CbO 7.72 0.46 let8 oeo622 0.25 140 1&2 oeo18 10 x 10 9.99 - 25-83 25.3. 
(See Figure &l(f)) 

7*26 

5*64 

85.7 5.52 0.46 1.06 OaO622 0@375 lb14 24.3 0.039 10 x 12 11+9 - 26.57 26.6 

88+ 4a28 0.36 0*82 0.0622 0*5 cb883 32*6 OX%Sa 12 x 12 13.24" *- 2'7*38a 27.3' 
(See Figure 4.1(g)) 



CORE DELAYED CRITICAL CCRE PARMETERS 
I ’ GAP ’ 

Volume %  Composition Layer Thicknesses Average ViIDTH 
(in.) Plutonium Atomic “‘” (in.) Base . Pu Mass (kqm) 

Density Dimensions 

Plutonium Graphite Nickel Tin Void Plutonium Graphite (dcc) 
Ratio (in.) AS measured Corrected 

3.m 9bl 2.28 0*19 o*u 0 l 0622 1.0 09470 65.2 0*014 16 x 16 IL*27 - 27G’7 27.4 
(See Figure 4.1(h)) 

24.7 diab 
1 l 02 9&o 0.77 0*06 0.15 0*0622 3 06Cl 195*5 0.219 pseudo-cylinder 17*89 - 2244 224 

(See Figure 4.2) 
I 8 

24e7 dia b, c 
0.51 99.0 0*39 0*03 0*07 OeO622 6 0*0&o 391 0*145 pseudo-cyl i rider 27*28 - 174 17*1 

(See Figure 4.2) 

a. The effect of arranging the core in alternating planes of plutonium and graphite was shown to be within the limits of reproducibility of the 
assembly, f 04005 in. in measured critical gap 

b. Diameter evaluated on an area basis 

c. Core assembled from four basic tvoes of column with initial qraPhite layers l! in.. 3 in.. 44 in. and 6 in. _ thick, respectively 
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FIG. 4.2 (SEE TABLE 4.1) 


